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FOREWARD 
The cover of this 1977 Cattle Feeders Day report displays the New 
Animal Science Complex at South Dakota State University. This fine 
facility is the end result of years of planning and hard work by 
innumerable people throughout the state of South Dakota. The Animal Science 
staff deeply appreciate this extremely functional and beautiful teaching, 
research and extension complex. While bricks and mortar do not, by 
themselves, produce top-notch programs, this new building will enable the 
Animal Science Department to serve the people of this state in many ways 
never before possible. And so, with a new spirit of vigor, enthusiasm 
and purpose, we salute the cattlemen of South Dakota for helping to make 
this facility a reality. 
This report contains the results of several research trials conducted 
during the last year as well as the presentations given at the 1977 Cattle 
Feeders Day. We sincerely hope this report will help to keep the reader 
abreast of current research and approved management techniques aimed at 
successful cattle feeding. 
The Animal Science staff would like your comments as to how we can make 
the Cattle Feeders Day and this report better serve your needs. If you 
have a constructive suggestion for changes or additions, please let us know. 
We exist for one purpose--to serve you! Remember, this is YOUR Cattle 
Feeders Day! 
Gerry L. Kuhl 
Extension Livestock Nutritionist 
L__ 
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Monensin, Tylosin and Protein Supplementation 
With Finishing Cattle 
R. N. Gates and L. B. Embry 
Introduction 
Antibiotic supplementation for feedlot cattle is a common practice 
means of decreasing disease problems, improving feedlot performance and 
the incidence of abscessed livers in cattle fed high-concentrate diets. 
monensin in rations for feedlot cattle has rather consistently improved 
utilization. The use of monensin in combination with an antibiotic has 
extensively studied. 
as a 
reducing 
Use of 
feed 
not been 
While the effects of monensin on energy metabolism are well documented, 
the effects on protein utilization are less certain. The changes in rumen fer­
mentation which result from the use of monensin suggest that it might spare 
protein. Monensin tends to lower feed consumption 10 to 15% without appreciably 
altering rate of gain. This may indicate an improvement in protein utilization 
about equal to that for energy unless rations have generally been oversupplemented 
in protein. Questions about the protein needs of cattle fed monensin remain. Are 
the protein levels normally fed adequate or is a higher percentage of protein in 
the ration needed because of reduced feed intake? When protein supplements are 
fed at a constant daily rate, should the amount remain the same or can it be 
reduced when monensin is fed? 
In this experiment we examined the response of finishing cattle to an 
antibiotic, tylosin, measured by feedlot performance and the incidence of 
abscessed livers and how tylosin might affect the response to monensin. Two 
protein levels were fed to determine the effects of these compounds alone 
and in combination on the need for protein supplementation in high-concentrate 
rations of corn grain and corn silage. 
Procedure 
The cattle used in this experiment were previously used in a growing 
experiment designed to investigate the effects of monensin when used with 
different sources of supplemental protein in high corn silage rations. The 
growing trial was immediately followed by an interim period of 26 days. All 
animals were fed identically during this period. They received 10 lb. per head 
per day of a corn-grain supplement mixture which contained added minerals and 
vitamin A but no high protein ingredients. In addition, they were fed 10 lb. 
of alfalfa-brome hay for the first 11 days of the interim period and 40 lb. per 
head per day of corn silage thereafter. 
' 
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Following the interim period , the 1 92  Hereford steers , with an average 
initial shrunk weight ( 16 to 1 8  hr . without feed and water) of 862 lb . ,  were 
allotted at random within weight groups to 24  pens of 8 head each without 
regard to previous treatment . The steers were confined to outside, concrete 
paved pens with water available from automatic waterers . All animals were 
implanted with Synovex-S at the beginning of the trial . The high-concentrate 
rations were introduced over a period of about 8 days . The rations were 
offered at a level of 10 lb . per head the first day and increased 1 . 88 lb . each 
day until the steers were on full feed . The cattle were fed once daily . 
The eight experimental rations were fed as complete mixes consisting of 
66 . 5% corn grain , 8 . 5% supplement and 25% corn silage on an as-fed basis . On 
a dry basis these percentages were 7 7 . 9 ,  1 1 . 7  and 10 . 4 . Corn grain contained 
87 . 7% dry matter and 10 . 7% protein , dry basis . Silage contained 34 . 9% dry 
matter and 9 . 6% protein , dry basis . Two types of rations were fed . One 
included no supplemental protein ; the other contained a s oybean meal supplement . 
Each ration treatment then included a control , monensin , tylosin or monensin­
tylosin .  Each of the eight treatments was fed to three pens . The protein level 
was about 10 . 4% for the unsupplemented rations and about 1 2 . 7% for the rations 
containing soybean meal , both on a dry basis . Ingredient composition of the 
supplements is shown in table 1 .  
Supplements were formulated so  the rations would supply about the same 
levels of  calcium , phosphorus and potassium. Salt , trace minerals ,  vitamin A 
and vitamin E were added to all rations . Tylosin was included in the appropriate 
rations to.supply approximately 75 mg per head per day . Monensin was added to 
designated rations to supply 10 grams per ton of air-dry feed ( 1 1  ppm) for the 
first  3 weeks and 30 grams per ton (33 ppm) thereafter . Tylosin or monensin 
premixes ,  when added , replaced an equal weight of corn grain . 
Results 
During the course of the experiment, nine s teers died or were removed 
because of illness .  These losses occurred in six of the eight treatment groups 
and did not appear to be related to treatments .  Weight gain data are presented 
for steers completing the experiment .  Feed data were adj usted when losses 
occurred . Data for feedlot performance are shown in table 2 .  
Feed Consumption 
Protein supplementation or the addition of tylosin resulted in essentially 
no difference in feed intake . The use of monensin reduced (P< . 10) feed 
consumption an average of 9 . 8% compared to rations without monensin . This 
reduction was similar for the rations with and without soybean meal but slightly 
less 'when monensin was fed with tylosin .  No reduction in intake occurred during 
the first 3 weeks when monensin was added at the rate of 10 grams per ton of 
air-dry ration ( 1 1  ppm) . Feed consumption was consistently reduced by monensin 
addition throughout the rest  of the experiment when the level was 30 grams per 
ton (33  ppm) . 
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Average Daily Gain 
Groups receiving monensin had higher daily gains during the first 3 weeks . 
During the same period , groups fed soybean meal without tylosin had lower gains 
than corn-fed groups . Based on past  research , such a reduction in gain due to 
protein supplementation would not be anticipated . These differences were 
statistically nonsignificant and were not maintained . At the end of the trial , 
treatment had only small effects on rate of gain . The small advantage for 
soybean meal was most evident when rations contained monensin . The slight 
advantage for tylosin appeared rather consistent in all comparisons . Therefore , 
the highest  average daily gain was obtained when feeding the soybean meal ration 
with added monensin and tylosin (7 . 5% more than for corn control) . 
Feed Efficiency 
Soybean meal and tylosin additions resulted in only small and nonsignificant 
improvements in feed conversion , corresponding to their effects on weight gain . 
There was an improvement (P< . 0 1 )  in the feed efficiency from monensin amounting 
to 10 . 3% .  This effect was more pronounced with the soybean meal supplement 
( 1 3 . 5%) than for the corn supplement (7 . 1%) . 
Carcass Data and Liver Abscesses 
Carcass data and incidence of liver abscesses are shown in table 3 .  Carcass 
data collected revealed no differences which could be attributed to dietary 
treatments . Carcass grades averaged between high Good and low Choice . Incidence 
of abscessed livers was low for the steers fed these rations which provided low 
levels of roughage from corn silage . Tylosin appeared to have no appreciable 
effect under the low incidence encountered . Abscesses occurred in 7 of 92 
steers not receiving tylosin and 5 of 91 fed rations containing tylosin . 
Summary 
Results of the experiment indicated no apparent benefit for soybean meal 
supplementation of a high-concentrate ration composed of corn grain and corn 
silage containing 10 . 4% protein for steers weighing 862 lb . except perhaps when 
feeding monensin . The level of protein in the unsupplemented rations was the 
same as that recommended by the National Research Council for steers of this 
weight and for the rate of gain observed . Monensin did result in a reduction 
(P< . 0 1 )  in feed intake (9 . 8%) and an improved (P< . 0 1 )  feed efficiency ( 10 . 3%) . 
The improvement in feed ef ficiency was greater with the soybean meal supplement 
( 1 3 . 5%) than with the corn supplement ( 7 . 1%) . These results seem to differ from 
an experiment with a high corn silage ration (A. S .  Series 76-20) , where there 
appeared to be a slight protein sparing effect from monensin . Perhaps the 
reduction in feed intake becomes more important with high-concentrate rations if 
protein level is borderline . 
Tylosin gave small but nonsignificant improvements in weight gains . 
Incidence of abscessed livers was low and tylosin had no appreciable effect 
under these conditions . 
Treatments involved had no apparent influence on carcass characteristics 
measured . 
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Table 1 .  Ingredient Composition of Supplements (Air-Dry) 
Ingredient 
Corn 
SBOM 
Limestone 
Potassium chloride 
Calcium-phosphorus supplement 
( 18-2 1%  Ca , 1 8.5% P) 
Trace mineral salt 
Trace mineral premix 
Vitamin A 
Vitamin E 
Added to appropriate supplements :  
Monensin 
10 g/ton air-dry ration (1 1 ppm) , 
first 2 1  days 
30 g/ton (33  ppm) , after 2 1  days 
Tylosin 
8 
Corn 
supplement 
% 
75 . 66 
1 2 . 6 7  
4 . 32 
1 .  65 
5 . 68 
0 . 02 
SBOM 
supplement 
% 
1 2 . 13  
67 . 63 
1 2 . 7 1  
1 .  74  
0 . 1 1 
5 . 68 
1 1 , 400 IU/lb . suppl .  DM 
155 IU/lb .  suppl .  DM 
63  mg/lb . suppl . DM 
189  mg/lb .  suppl . DM 
39 mg/lb . suppl .  DM 
Table 2. Protein Levels with Monensin and Tylosin for Finishing Cattle 
(June 24 to October 8, 1976--106 days) 
Feedlot Performance 
Control Monensin Tylosin Monensin-Tylosin 
Corn SBOM Corn SBOM Corn SBOM Corn SBOM 
No. animals 23 24 22 23 22 24 23 22 
!nit. shrunk wt. , lb. 864 864 853 863 869 864 859 863 
Final shrunk wt. , lb. 1174 1176 1150 1187 1185 1187 1179 1197 
Avg. daily gain to date , lb. 
22 days 2.31 1. 96 2.76 2.49 2.17 2.31 2. 92 2.98 
50 days 3.18 2.94 2.78 3.16 2.68 3.27 3.10 3.30 
78 days 2.75 3.08 2. 71 2.99 3.01 3.11 2.95 3.03 
106 days (filled) 2.91 2.84 2.78 3.00 2.89 2.92 2.96 3.03 
106 days ( shrunk) 2.92 2.95 2.79 3.06 2.99 3.04 3.01 3 .15 
Avg. daily ration to date , lb. 
22 days , as fed 19.89 19.57 20.34 19. 89 20.22 19.89 20.32 20.39 
50 days 23.62 23.50 21. 97 21.83 23.87 23.49 22.27 22.15 Ln \0 
78 days 24.45 24.83 21.88 22.25 24.58 25 .01 22.97 22.80 
106 days 25.45 26.18 23.01 22.97 25.97 25 .99 23.74 23.76 
106 days , dry basis 19.01 19.56 17.19 17.16 19.40 19.41 17.73 17.75 
Feed/ 100 lb. gain to date , lb. 
22 days , as fed 861 998 737 799 932 861 696 684 
50 days 743 799 790 691 891 718 718 671 
78 days 889 806 807 744 817 804 779 752 
106 days (f illed) 875 922 828 766 899 890 802 784 
106 days ( shrunk) 872 887 -325 751 869 855 789 754 
106 days ( shrunk), dry basis 651 663 616 561 649 639 589 563 
� 
0 
Table 3 .  Protein Levels with Monensin and Tylosin for Finishing Cattle 
(June 24 to October 8 ,  1976--106 days)  
Carcass Data 
Control Monensin Tylosin 
Corn SBOM Corn SBOM Corn SBOM 
No . animals 23 24 22 23 22 24 
Init . shrunk wt . , lb . 864 864 853 863 869 864 
Final shrunk wt . ,  lb . 1174 1176 . 1150 1187 1185 1187 
Hot carcass wt . ,  lb . \ 734 735 722 744 743 746 
Dressing percent 6 2 . 47 6 2 . 47 63 . 02 62 . 29 62 . 69 62 . 85 
Marblinga 4 . 8  4 . 8  5 . 1  4 . 6  4 . 7  4 . 8  
Carcass gradeb 18 . 3  18 . 3  18 . 7  18 . 1  18 . 3  18 . 5  
Percent kidney fat 2 . 9 2 . 9  2 . 7 2 . 8  3 . 0  2 . 9  
Fat thickness , in . 0 . 69 0 . 68 0 . 63 0 . 66 o. 71 0 . 74 
Rib eye area , sq . in . 11 . 77  11 . 71 11.68  11 . 99 12 . 04 12 . 17 
Yield grade 3 . 7  3 . 8 3 . 6  3 . 6  3 . 8  3 . 8  
No . animals with liver abscesses 1 2 2 2 2 0 
a Slight = 4 ;  small = 5 .  
b 18 = high Good ; 19 = low Choice . 
Monensin-Tylosin 
Corn SBOM 
23  22  
859 863 
1179 1197 
730 752  
61 . 94 62 . 80 
4 . 6  4 . 9  
18 . 2  18 . 6  
2 . 7  2 . 9  
0 . 65 0 . 66 
11 . 78  12 . 24 
3 . 6  3 . 6  °' 
3 0 
South Dakota State University 
Brookings ,  South Dakota 
Department of Animal Science 
Agricultural Experiment Station 
Oat Hay or Oat Haylage for Growing Cattle 
L .  B. Embry and L .  F. Bush 
A.S. Series 77-12 
Oats are a maj or grain and forage crop in South Dakota and acres planted 
to oats exceed those planted to feed grains (barley , rye , sorghum) other than 
corn. 
Oats are popular in many crop rotations and as a nurse crop in establishing 
grasses and legumes. The early planting and harvesting dates for oats may 
offer important advantages regarding use of labor and machinery in some farming 
operations. Moisture and temperature conditions may frequently be more favorable 
for oats in many areas of the state than for crops with later planting and 
harvesting dates. 
Questions are frequently raised as to the relative feeding value of the 
oat crop harvested as grain , hay or silage. More information is needed on the 
potential returns when oats are fed to cattle as grain , hay or silage. Frequently 
oats are grown for a forage crop , or weather conditions result in greatly reduced 
grain yield and the crop is harvested for forage. The objective of the experiment 
reported herein was to determine the comparative value of an oat crop harvested 
as hay vs silage. 
Procedure 
Twenty-eight steers (20 Shorthorn and 8 Herefords) were allotted to  four 
pens of seven each on basis of weight and breed. Oat hay was fed to  two pens 
of the cattle and oat haylage to the other two pens. In all instances , the 
s teers were given free access to trace mineral salt and dicalcium phosphate . 
Fifty-five acres of oats were harvested for the experiment. The oats 
were seeded as a nurse crop for alfalfa. Seeding was at a light rate of 
approximately 1 bushel per acre, which is about one-third the normal rate of 
seeding for a grain or forage crop of oats. The light rate of seeding along 
with dry weather resulted in a low yield of forage. However , there appeared to 
be a good yield of grain in relation to forage . Forage dry matter yield was 
1777 lb. per acre , and the estimated grain yield was 25 bushels per acre. This 
estimated grain yield would result in about 40% of the forage dry matter as 
grain. 
The oat crop was very uneven as to  stand , height and grain maturity. Stage 
of maturity of the grain varied from the milk stage for low areas with more 
adequate soil moisture to late dough stage for the drier areas with short forage . 
The forage was harvested with a windrower and two windrows raked together prior 
to chopping for haylage or baling as hay using standard size bales. There was 
no significant precipitation between cutting and chopping or baling. An equal 
number of windrows were chopped for haylage or baled for hay by alternating in 
units of two windrows. 
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The haylage was s tored in an 18  foot x 50 foot upright concrete stave 
silo . The baled hay was s tacked under cover in a hay shed . Moisture content 
at harvest was 1 2 . 75% for the hay and 5 1 . 60% for the haylage . Protein content 
(dry basis)  was 16 . 64% for hay and 16 . 30% for haylage . Nitrate content was 
below levels considered to present problems from toxicity . 
The cattle were fed hay or haylage in amounts so feed would be availab le 
at all times . Haylage was fed once daily , but hay was fed twice daily in about 
equal amounts to reduce waste from the feed bunks . The only other feeds were 
free-choice trace mineral salt and dicalcium phosphate . The hay was fed from 
the bale without further processing, but much of the forage was relatively short 
in length. The cattle received a vitamin A inj ection of 3 million units and 
Synovex-S implants at the beginning of the experiment . The experiment was 
terminated for each group of cattle when the supply of hay or haylage was 
depleted . 
Results 
Results of the experiment are presented in table 1 .  
Feedlot Performance 
When fed each forage so feed would be available at all times , daily 
matter intake was about the same for cattle fed oat hay or oat haylage . 
was some waste from the hay . However ,  the practice of feeding hay twice 
helped to reduce the wastage problem to levels considered to cause no 
appreciable error in feed consumption values . 
dry 
There 
daily 
Average daily gain was greater for cattle fed the haylage ( 2 . 2 7  vs 1 . 78 
lb . ) .  The higher rate of gain (0 . 49 lb . daily or 2 7 . 5%) with similar""""'dry 
matter intake resulted in a substantial improvement in feed ·efficiency for 
haylage over hay ( 21 . 8% ,  dry bas is ) . 
Haylage and Hay Comparisons 
Procedures described for designating the portions of the area harvested 
for hay or haylage were considered to have resulted in uniform areas . Weather 
conditions were very favorable for harvesting and drying the forage for hay . 
Protein content (dry basis) was similar for the two forages . Dry matter yield 
as haylage exceeded that for hay by 6 . 7% at harvest .  Harvesting forages at 
higher moisture contents reduces drying time in the field and thus lessens the 
chance of weather damage as well as field losses during harvesting . 
Moisture contents of samples taken at feeding indicate a dry matter 
storage loss for hay of 2 . 3% and 1 1 . 7% for haylage . There was only a small 
change in moisture content of the hay in storage . Haylage as fed was drier 
than at harvest  (4 . 6 1 percentage units) . Moisture was determined by oven drying 
at about 85° C .  There may have been some loss  of the more volatile compounds 
from the fermented forage by this method of dry matter determination . However , 
some reduction in moisture is to be expected when feeding small daily amounts 
from top-unloading s ilos during summer months. Since a greater amount of dry 
matter was recovered at harvest from haylage ,  amount of haylage dry matter 
harvested available for feeding was 3 . 6% less than for hay . 
12  
- 3 -
Cattle gains per ton of dry matter stored were 1 4 1  lb . for oat hay and 
163  lb . for oat haylage . These results give a 1 6% greater value per unit of 
dry matter stored . However , dry matter yield at harvest  from haylage was 
greater than for hay , resulting in an overall 24% greater net return as 
cattle gains from oats harvested and fed as haylage compared to that harvested 
as hay from comparable land areas . 
Summary 
Oat forage harvested as hay or haylage was compared when fed to steers as 
the only feed along with free-access to mineral . The cattle were inj ected with 
vitamin A and received a Synovex-S implant . Forage yields were low because of 
a low seeding rate and drought conditions . The amount of grain in the forage 
dry matter was estimated to be about 40% .  The hay was baled into s tandard 
s ize bales at 88 . 2% dry matter and the haylage chopped at 48 . 4% dry matter and 
s tored in a concrete s tave silo . 
Dry matter yield at harvest was 6 . 7% more for the haylage , but there was 
an 1 1 .  7% dry matter loss  for haylage when stored for about 5 months in comparison 
to'only 2 . 3% for the hay . Net dry matter stored available for feeding 
was 3.6% less  for the haylage . 
Cattle gains were higher for haylage ( 2 . 2 8  lb . daily) than for hay 
( 1.78 lb . ) . The higher weight gain was obtained on about the same dry matter 
intake for haylage as for hay . This resulted in a 21 . 8% better feed efficiency 
for haylage dry matter over hay . Taking into account differences in harvesting 
and storage losses , net cattle gains were 24% more from haylage than from hay 
harvested from essentially equal land areas . 
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Table 1 .  Oat Hay and Oat Haylage for Growing Cattle 
(July 13  to Nov . 1 9  or 24 , 1 9 76 )  
No . animals 
Days fed 
Item 
Avg .  init . shrunk wt . , lb . 
Avg . final shrunk wt . ,  lb . 
Avg .  daily gain , lb . 
Avg . daily feed , lb . 
As fed 
Dry basis 
Feed/100 lb . gain , lb . 
As fed 
Dry basis 
Composition of forage , % 
Dry matter 
At harvest 
As fed 
Total protein , dry basis 
Dry matter stored 
Pounds 
Percent of haya 
Dry matter fed 
Pounds 
Percent of stored 
Storage loss , % 
Percent of hay 
Cattle gain from forage 
Per ton feed , lb . 
Percent of hay 
Per ton stored , lb . 
Percent of hay 
Total cattle gain , lb . 
Percent of hay 
Oat hay 
1 4  
1 34 
673  
9 1 1  
1 .  78  
2 7 . 92 
24 . 63 
15 7 1  
1386 
87 . 25 
88 . 2 1 
16 . 64 
47 , 28 1  
100 
46 , 200 
9 7 . 7  
2 . 3  
100 
144 
100 
14 1  
100  
3,332 
100 
a Hay used as base and assumed to be 100 . 
14  
Oat haylage 
1 4  
129 
68 1  
975  
2 . 28 
46 . 5 3 
24 . 6 7 
2044 
1084 
48 . 40 
5 3 . 0 1  
1 6 . 30 
50 , 452  
106 . 7 
44 , 544 
88 . 3  
1 1 .  7 
96 . 4  
185 
128 
163 
1 1 6  
4 , 1 16 
124 
South Dakota State University 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment Station A. S .  Series 7 7-13  
Sodium Bentonite and Sodium Bicarbonate in High-Concentrate 
Beef Cattle Diets 
R.  J. Emerick, B. H. Dunn and L. B .  Embry 
Annual grain supplies have been quite variable and shortages experienced in 
the past  will  undoubtedly be repeated at irregular intervals in the future . 
During periods of short feed grain supplies , emphasis is placed on longer 
backgrounding periods of high-roughage feeding followed by shorter finishing 
periods of high-concentrate feeding . Animals changed from high-roughage back­
grounding diets to high-concentrate finishing diets often experience digestive 
disorders related to rumen acidosis and make unsatisfactory weight gains for a 
few weeks . 
Sodium bentonite and sodium bicarbonate alter conditions in the rumen and 
may offer animals protection from some of the harmful effects of rumen acidosis . 
The potential benefits that may be derived from use of these materials have 
become increasingly important as backgrounding periods are extended and finishing 
periods are shortened . The experiments reported herein were designed to  
investigate the effectiveness of  these materials , individually or in combination ,  
in the adaptation of beef cattle to  high-concentrate diet s .  
Experimental Procedure 
Prior to beginning the experiment , steers of predominantly Hereford breeding 
averaging 894 lb . were fed alfalfa-brome hay free choice for 3 weeks . Subsequent 
high-concentrate feeding trials lasted an average of 93  days . At the start of 
high-concentrate feeding , all steers were implanted with 36  mg of Synovex-S .  
Four dietary treatments were used during the first 2 1  days (phase 1 ) , control ,  
2% sodium bentonite , 2 %  sodium bicarbonate and 2 %  sodium bentonite plus 2 %  sodium 
bicarbonate .  Each treatment was replicated three times with 5 to 6 steers per 
pen .  In view of the potential danger of  losses from acidosis , the replications 
were conducted at different time intervals . During phase 2 (days 22  to 93 ) , the 
level of sodium bentonite or sodium bicarbonate supplementation for all dietary 
treatments was reduced one-half . 
The control diet was basically a corn and soybean meal mix with 8% alfalfa­
brome hay . The steers were fed 5 lb . per head of the treatment diets on day 1 
of the experiment and were increased 5 lb . per head daily until reaching a full 
feed . Weights were obtained at 2 1-day intervals . When slaughtered at an 
average weight of 1195 lb . ,  they were examined for liver abscesses and urinary 
calculi . 
Results and Discussion 
The steers fed 5 lb . per head of the high-concentrate diet the first day 
with subsequent increases of 5 lb . per head daily went off feed between the 
fifth and sixth day . Daily feed records indicate that the steers receiving 
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2% sodium bicarbonate or the combination of sodium bicarbonate and sodium 
bentonite did not go off feed to the same degree as those receiving the basal 
diet or sodium bentonite alone . Some of the steers became stiff and all animals 
exhibited varying degrees of diarrhea .  All animals appeared t o  b e  consuming 
normal amounts of feed by the 12th day . There were no deaths due to rumen 
acidosis during the experiment . 
Performance data are shown in table 1 .  By the end of the first 2 1-day 
period , there were only small differences in average daily ration (ADR) , average 
daily gain (ADG) and feed/gain (F/G) for steers fed the control diet , 2% sodium 
bentonite or 2%  sodium bicarbonate . Those fed the combination of these two 
materials showed a 16% increase in ADR and a 4 1 %  improvement in ADG during 
period 1 .  However , variation within treatments was large during this 3-week 
period and the differences proved to be nonsignificant . 
Continued feeding of sodium bicarbonate with or without sodium bentonite 
tended to give lower ADG by the end of the average 93-day feeding periods . This 
negative effect of sodium bicarbonate on weight gains was evident during 
phase 2 (days 22  to 93) . However , there were no signif icant differences in 
cumulative data over the full term of the average 93-day feeding periods . 
Table 1 .  Means for Average Daily Ration , Average Daily Gain 
and Feed/Gain 
Weigh Sodium 
periods Basal Bentonite Bicarbonate Combination 
Phase ia 
ADR ,  lb . 1 7 . 9  1 8 . 3  1 8 . 1 
ADG , lb . 3 . 3 1  3 . 3 1  3 . 53· 
F/G 5 5 1  554  508  
Phase zb 
ADR,  lb . 26 . 9  25 . 8  2 4 . 9 
ADG , lb . 3 . 75 3 . 53 3 . 3 1 
F/G 705 753 762 
End of experimentc , filled weight 
ADR, lb . 2 4 . 7 24 . 0  23 . 4  
ADG , lb . 3 . 75 3 . 53 3 . 3 1 
F/G 673  703 690 
End of experiment , shrunk weight 
ADR, lb . 24 . 9  24 . 0  23 . 4  
ADG, lb . 3 . 5 3 3 . 53 3 . 3 1 
F/G 698  699 703 
a Twenty-one days , cumulative , 2%  level of treatment materials . 
b Days 22  to 93 , 1 %  level of treatment materials .  
c Ninety-three days , cumulative . 
* Significantly lower than control (P< . 05) . 
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Feeding diets high in concentrates is often associated with a high degree 
of liver abscesses . In these studies , sodium bicarbonate appeared to offer 
some degree of protection . In each of the control and the sodium bentonite 
treatment groups , four of 17 to 18 animals (22%) had abscessed livers . In 
groups receiving sodium bicarbonate �r the combination treatments , one to two 
animals of 1 8  (average 6%) had abscessed livers . 
Alkali�forming salts including sodium bicarbonate have been previously 
shown to increase urinary calculi in susceptible animals . . A 6 1 %  incidence 
of urinary mineral deposits was found in steers fed sodium bicarbonate compared 
to a 40% incidence in the other two treatments not containing this material . 
The greatest potential for use of sodium bentonite or s odium bicarbonate 
appears to be in lowering the risk of rumen acidosis during adaptation to high­
concentrate diets . Weight gain benefits obtained from these materials during 
adaptation to high-concentrate diets have not been sustained throughout the 
remainder of the feeding period . 
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Introduction 
Range is a vast resource that makes up about 43% of the world's land surface , 
about 50% of the adj acent United States and slightly over 5 1% of South Dakota.  
This land is generally unsuited for cultivation due to low precipitation , shallow 
soils , poor drainage or temperature restrictions but is well adapted to grazing . 
Lives tock and livestock products contribute 73% of  South Dakota's total 
farm income , approximately $ 1 . 5  billion.  During 1 975 , 3 7%  of all cattle , 45% of 
cows and heifers that calved , 69% of all sheep and lambs and 42% of all calves 
born in South Dakota occurred on its range .  Highly productive , well-managed 
range can allow the beef producer to carry his cattle to a heavier weight prior 
to entering a feedlot and thus shorten time on feed . Furthermore , slaughter 
cattle can be produced on range . In 1 9 7 4 ,  about 35% of the slaughter cattle 
were grass fed . 
As our range is reduced due to encroachment of residential and industrial 
development and as eastern grazing land is converted to grain production in 
response to increased human population , there is an increased burden on range 
for livestock production . This can only be accomplished through more efficient 
use of the remaining range which requires careful , knowledgeable management .  
This current study was initiated to provide information on the effect of the 
range condition of summer range on livestock production . 
Historx 
A summer intensity of grazing study was begun at the Cottonwood Range and 
Livestock Experiment Station in 1942 . The station is located approximately 
75 miles east of  Rapid City , South Dakota .  Summer grazing pastures were lands 
transferred from the Land Utilization Proj ect administered by the Soil 
Conservation Service to the South Dakota Agricultural Experiment Station in 
1939 . These lands were rested from grazing until fences were built and the 
experiment begun in 1942 . When the experiment began, the pastures had not 
completely recovered from the drought of the 1930's and were rated in mid-good 
range condition .  Under continued heavy grazing , western wheatgrass (Agropyron 
smithii) decreased and the shortgrasses (buffalograss ,  Buchloe dactyloides ,  and 
blue grama , Bouteloua gracilis) increased . Under the light grazing regime , 
western wheatgrass increased and the shortgrasses decreased in relative amount . 
Under moderate grazing the percentages remained about the same . By the late 
1950's the heavily grazed pastures appeared to have stabilized in low fair 
range condition , the moderately grazed pastures in high fair to low good and the 
lightly grazed pastures in high good to low excellent range condition . 
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In this study as in all intensity of grazing studies that have been 
conducted for several years , the effects of both low range condition and high 
degree of utilization were being studied at the same time . No experimental 
studies were found which compared the productivity of pastures in different 
range condition classes under proper grazing use . Consequently , in 1970 ,  this 
experiment was revised to compare forage and livestock production from pastures 
in different range condition classes when managed for optimum livestock 
production while maintaining the existing range condition classes . 
Soils and Weather 
Range sites are predominantly clayey in texture . The dominant soil of 
the uplands is Kyle silty clay . 
Precipitation by months and by season for the period 1970  through August ,  
197 7 , was documented (table 1) . Annual precipitation equaled or exceeded the 
mean in all but 2 of the 7 years and vegetation-year precipitation (September 
to August)  exceeded the mean in 4 of the 8 years , averaging 16 . 20 inches or 5%  
above average . Cool season precipitation exceeded the mean in 6 of  8 years , 
averaging 10 . 80 inches or 19% above average . March , April and May precipitation 
exceeded the mean in 6 of the 8 years , averaging 6 . 80 inches or 25% above 
average .  In contrast sunnners (June through August) were drier than the mean in 
6 of the 8 years , averaging 5 . 34 inches or 16% below average . 
The precipitation during September and October of the year preceding the 
growing season was above the mean in 4 of the 8 years and 3 of the 4 was followed 
by an average or wetter than average spring , thus providing very favorable 
conditions for growth and development of Japanese brome (Bromus j aponicus) .  The 
sequence of years with wetter than average cool season precipitation favored 
the increase of cool season western wheatgrass producing a s trong upward trend 
in range condition . Relatively heavy s tands of Japanese brome in 1974 caused 
the cattle to avoid large areas of ordinary uplands and to concentrate on 
drainageways , ridges and areas with less  annual brome . Following the dry fall 
of 1974 and dry early spring of 1975 , Japanese brome did not germinate in large 
amounts . Consequently , western wheatgrass began to increase rapidly in the low 
range condition pastures . 
Procedure 
The Cottonwood Research Station maintains six experimental sunnner pastures 
in three different range condition classes , high , medium and low (figure 1) . 
Each range condition is represented by two pastures (replications) .  Pastures 1 
and 4 are maintained in fair range condition ( 7 2  and 80 acres , respectively) , 
pastures 2 and 5 are in good condition (141 and 133 acres , respectively) and 
pastures 3 and 6 are in low excellent range condition (183 acres each) . 
From 1971 to 1975 ,  steer calves were purchased after weaning in the fall 
and grazed on deferred winter range in excellent condition ,  supplemented with 
soybean meal or with various nonprotein nitrogen supplements . Steers used 
during the sunnners of 1976  and 197 7  were obtained in the spring . �astures were 
grazed from early or mid-May through October for full use in 1971 and 1972. 
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Fig. 1. Map of the summer grazing pastures showing pasture number, acres, range 
condition, location of permanent exclosure (PE), evapotranspiration plots 
(ET), experimental watersheds (WS) and trails. Cottonwood Research Station, 
1976. 
20 
- 4 -
Table 1 .  Monthly and Seasonal Precipitation at the Headquarters , 1 970-77' 
in Relation to the Mean , 1 9 10-7 4 ,  Cottonwood 
Month 1970  1 9 7 1  1972  1973  1974  1975  1976  1977  
January 0 . 48 0 . 73 0 . 1 2 0 . 30 0 . 20 1 . 29 0 . 32 0 . 29 
February 0 . 38 0 . 80 0 . 37 0 . 10  0 . 1 6  0 . 34 0 . 33 0 . 1 9 
March 0 . 74 0 . 55 0 . 38 3 . 38 0 . 53 1 .  75 0 . 30 3 . 47 
April 3 . 66 4 . 00 0 . 69 1 .  73  3 . 1 7  2 . 1 6 2 . 47 1 . 60 
May 1 . 06 4 . 46 5 . 34 3 . 4 1  2 . 24 1 . 02 1 .  90 4 . 36 
June 1 . 09 1 .  7 8  2 . 06 1 .  25 0 . 64 5 . 39 1 . 9 8 0 . 96 
July 3 . 30 0 . 33 3 . 8 1  1 .  39 2 . 3 1 1 .  75 2 .  89 1 .  98  
August 1 . 20 1 .  86 1 .  33  0 . 32 2 . 02 0 . 68 0 . 70 1 .  73 
September 1 . 98 3 . 56 0 . 36 3 . 05 0 . 5 1 0 . 00 0 .  12  
October 0 . 73 4 . 10 0 . 56 1 . 0 1 0 . 15 0 . 49 0 . 23 
November 0 . 93 1 .  09 0 . 45 0 . 54 t 0 . 28 0 . 10 
December 0 . 28 0 . 33 0 . 2 1 0 . 24 0 . 03 0 . 55 0 . 25 
Total 15 . 83 23 . 59 15 . 68 1 6 .  7 2  1 1 .  9 6  15 . 70 1 1 . 59 
Previous fall , 3 . 28 2 .  7 1  7 . 66 0 . 92 4 . 06 0.66 0 . 49 0 . 25 
Sept . -Oct . 
Winter , Nov . - 1 . 52 2 .  74  1 . 9 1 1 .  06 1 . 14 1 . 66 1 . 48 0 . 83 
Feb . 
Spring , March- 5 . 46 9 . 0 1 6 . 4 1 8 . 52 5 . 94 4 . 93 4 . 67 9 . 43 
May 
Summer , June- 5 . 59 3 . 97 7 . 20 2 . 96 4 . 97 7 . 82 5 . 57 4 . 67 
Aug . 
Cool , Sept . -May 1 0 . 26  14 . 46 15 . 98 10 . 50 1 1 . 1 4 7 . 25 6 . 64 10 . 6 1 
Vegetation year , 15 . 85 1 8 . 43 2 3 . 1 8  1 3 . 46 1 6 . 1 1  15 . 07 12 . 2 1  15 . 2 8  
Sept . -Aug . 
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During 1 973-74, pas tures were grazed from mid-May to early or late October . 
However , all pas tures had approximately the same s tocking rate .  In 1975-197 7 ,  
the grazing season was approximately June 1 to Augus t 3 1 , and the pas tures were 
grazed for full use .  Put-and- take animals were used to ob tain the desired 
utilization throughout the s tudy . 
S teers were weighed monthly with an overnight shrink. Utilization was 
determined QY comparison wi th a guide to degree of use ( table 2) by clipping 
inside and outside exclosures in the fall and by mapping visual es timates  of 
degree of use in each pas ture .  Range condition was de term�ned from 
reconnaissance and will be determined from the clipped weights of vegeta tion .  
Table 2 .  Table of Use Ratinga 
Use rating Descrip tion 
Unused 
Slight 
Moderate 
Full (This or less  
use is  Proper Use) 
Close 
Severe 
Extreme 
a From Dyks terhuis , E .  J. 
Fact Sheet 220 , 3 pages . 
No lives tock use . 
Appears practically undis turbed when viewed 
obliquely . Only favored areas near water , 
trails or shade and choice plan ts are grazed . 
Mos t  all of accessible range shows grazing . 
Li ttle or no use of poor forage . Little evidence 
of trailing to grazing . 
All fully accessible areas are grazed . The maj or 
s i tes have key forage species properly utilized 
(about one-half taken and one-half lef t) . Points 
of  concentration with overuse limited to between 
5 %  and 10% of access ible area. 
All accessible range plainly shows use and maj or 
sections are closely cropped . Lives tock forced 
to use much poor , dry and s temmy forage 
considering seasonal preference . 
Key forage species almos t completely used . Low­
value forage carrying grazing load . Trampling 
damage is widespread in accessible areas . 
Range appears s tripped of vegetation . Key forage 
species are weak from continual grazing of 
regrowth .  Poor quality forage closely grazed . 
Lives tock trail great dis tances for forage. 
1964 .  Proper Range Use . S.D.  Ext. Service 
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Steer Gains 
In 197 1 and 1 9 72 , the pastures were stocked for full use from early or 
mid-May through October (table 3) . Stocking rates were higher in the low 
excellent range condition pastures with gains per head similar , resulting in 
higher gains per acre . Replicate 1 in low range condition was very productive , 
probably because of a more favorable combination of range s ites . This 
replicate supported a stocking rate in 1 9 72  50% higher than replicate 2 with 
a s imilar degree of use . The higher stocking rate in this pasture in 1 9 72  
reflected the extremely favorable cool season precipitation for that growing 
season ( 75%  above average) . 
Table 3 .  Livestock Production From Mixed Prairie Ranges in Different Range 
Condition Classes Grazed From Early May Through October by Yearling 
Steers for Full Production , Cottonwoood , 1 9 7 1-72 
Stocking 
Range rate 
Year condition AUM/A 
1 9 7 1 Fair - 0 . 38 
Good - 0 . 38 
Excellent - 0 . 46 
1 9 7 2  Fair - 0 . 48 
Good - 0 . 38 
Excellent - 0 . 5 1  
Mean Fair - 0 . 43 
Good - 0 . 38 
Excellent - 0 . 49 
Animal gain 
Per head Per area 
Lb . /day Lb . /A 
1 .  4 2 3  
1 .  6 25  
1 . 4  2 7  
1 . 3  2 7  
1 . 5  25 
1 . 5  3 3  
1 .  4 25  
1 .  6 25 
1 . 5  30  
Utiliza-
ti on 
Full 
Full -
Full -
Full 
Full -
Full 
Full 
Full -
Full 
Grazing 
season 
May 14-Nov . 4 
May 3-Nov . 2 
In 1 9 73  and 1 97 4 ,  approximately the same stocking rate was maintained in 
all pastures resulting in degrees of utilization which were inversely proportional 
to range condition ( table 4) . Gains per head and per acre were s imilar but 
s omewhat higher from the pastures in high range conditionin 1 97 3 .  Gains were 
very good in all pastures until the range began to dry up . Feeding 1 lb . per 
head daily of a 40% protein supplement to these cattle doubtless improved the 
gains in late summer and fall . Yet there was a sharp drop in rate of gain 
after the range vegetation cured . The vegetation in the pastures in low range 
condition browned up quicker and more completely in low than in high range 
condition .  In both of these years , but especially in 1974 , the cattle concen­
trated on ridges and drainageways and avoided the gently sloping uplands where 
Japanese brome was very thick until August or September . Water , salt , shade 
and location of feed bunks for protein supplement helped distribute the grazing 
but did not prevent concentration areas , especially in the pastures in low 
range condition .  
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Table 4 .  Livestock Production From Mixed Prairie Ranges in Different Range 
Condition Classes Grazed From Early May to Early or Late October by 
Yearling Steers at the Same Stocking Rate , Cottonwood , 1973-74 
Stocking Animal gain 
Range rate Per head Per area Utiliza- Grazing 
Year condition AUM./A Lb. /da� Lb . /A tion season 
1973a Fair 0 . 34 1 . 8  2 1  Full May 9-0ct . 2 
Good 0 . 36 2 . 0  26 Moderate + 
Excellent - 0 . 34 2 . 1 25 Moderate 
1974  Fair 0 . 40 1 .  4 23  Full May 15-0ct . 3 1  
Good 0 . 36 1 .  5 24  Full -
Excellent - 0 . 39 1 . 4  24  Moderate + 
Mean Fair 0 . 36 1 . 6  2 2  Full 
Good 0 . 36 1 . 7 25 Full -
Excellent - 0 . 36 1 .  8 25 Moderate + 
a The shortgrass vegetation in the pastures in low range condition 
(especially in replicate 2) was flattened by a severe rainstorm on September 23 . 
Because very little forage was left within reach of the cattle (0 . 4  inch) , they 
began to lose weight and were removed from low range condition , replicate 2 ,  on 
October 2 .  The other pastures were grazed until October 3 1 .  Stocking rate and 
utilization are for the full season while animal gains are to October 2 .  
In 19 75 , 1976 and 1977 , pastures were grazed for full production during the 
summer ( table 5) . Because of the threatened increase in range condition in the 
pastures in low range condition in 1975 , 0 . 36 AUMs of grazing were removed 
from replicate 1 in May and 0 . 1 7 AUMs from replicate 2 ,  resulting in close 
utilization , an increased s tocking rate and increased gain per acre with little 
effect on gain per head that year . In 1 9 76 , stocking rates and gains per acre 
were directly proportional to range condition , while gains per animal were 
similar in all three range condition classes . 
Seven year means must  be used with caution since the grazing seasons 
differ . However , comparisons between range condition classes should be valid 
(table 6 ) . The higher stocking rate in fair than in low good range condition 
is mainly due to the additional grazing in the low range condition pastures in 
May , 1 9 75 , and the higher stocking rate used in replicate 1 in 197 2 .  Heavier 
stocking rates were used in the high range condition pastures with lower 
degrees of use .  Gains per head were similar. 
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Table 5 .  Livestock Production From Mixed Prairie Ranges in Different Range 
Condition Classes Grazed by Hereford x Angus Yearling Steers During the 
Summer (June through August) for Full Production , Cottonwood , 1 9 75-77  
Stocking 
Range rate 
Year condition .AUM/A 
1975  Faira 0 . 55 
Good 0 . 4 1  
Good + 0 . 49 
1976  Fair 0 . 33 
Good 0 . 39 
Excellent - 0 . 42 
1 9 7 7  Fair 0 . 37 
Good 0 . 41 
Excellent - 0 . 45 
Mean Fair 0 . 42 
Good 0 . 40 
Excellent - 0 . 45 
Anima.1·gain 
Per head Per area 
Lb . /day . Lb� /A 
2 . 1  32  
2 . 2  2 6  
2 . 1 30  
1 .  4 1 9  
1 .  4 2 2  
1 . 4  24  
2 . 0  29  
2 . 3  3 7  
2 . 1 3 8  
1 .  8 2 7  
2 . 0  2 8  
1 .  9 3 1  
Utiliza-
ti on 
Close -
Full 
Full -
Full 
Full -
Full + 
Close -
Full 
Full -
Full + 
Full 
Full 
Grazing 
season 
June 2-Sep t .  3 
June 1-Aug . 30 
June 1-Aug . 3 1  
a In otder to maintain fair range condition following a series of wet 
springs which resulted in increased western wheatgrass ,  0 . 36 AUM/A were 
removed between May 5 and 26 in replicate 1 and 0 . 1 7  AUM/A were removed 
between May 5 and 22 in replicate 2 of low range condition .  
Table 6 .  Mean Livestock Production From Mixed Prairie Ranges in Different 
Range Condition Classes Grazed by Yearling Steers During the 
Growing Season ,  Cottonwood , 197 1-7 7  
Stocking Animal gain 
Range rate Per head Per area Utiliza-
condition AUM/A Lb . /day Lb . /A ti on 
Fair 0 . 4 1 . 1 . 6  25  Full 
Gootl - 0 . 38 l . 8 2 6  Full -
Excellent - 0 . 44 1 .  7 2 9  Full -
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Replicate values for range condition , s tocking rates , utilization , herbage 
residue , steer gains by months and gain per acre are shown for 1976  ( table 7 ) . 
Stocking rates were proportional to range condition with similar degrees of 
use .  The height of grazed and ungrazed western wheatgrass plants were 
directly proportional to range condition . Total herbage residue was directly 
proportional to range condition except for replicate 1 of the low range 
condition treatment . Steers gains were similar in all pastures and exceeded 
2 lb . per head daily in all pastures during June . Gains per acre were directly 
proportional to range condition. 
Conclusions 
The importance of this s tudy as well as its continuation are quantitative 
evidence provided to allow the rancher to make more knowledgeable management 
decisions . Mixed Prairie ranges in low range condition are much more productive 
when grazed for proper use , especially in dry years , than when overutilized . 
However ,  under proper use ,  pastures in low range condition are less productive 
of steer gain than those in excellent range condition . Seasonal distribution 
of precipitation can induce strong upward or downward trends in range condition 
which require careful grazing management to overcome . 
When vegetation is actively growing , gains of yearling s teers in excess 
of 2 lb . per head daily can be expected under good management .  Following 
maturity or drought induced dormancy , gains less than 1 lb per head daily can 
be expected even with 1 lb . per head daily of a 40% protein supplement and 
access to a 10% phosphorus supplement .  This very predictable decrease in 
gain should not be ignored in grazing management .  
Proper grazing management of pastures in low range condition provides an 
alternative to a range improvement program, especially if the grazing season 
matches the time of growth of the warm season shortgrasses , buffalograss 
(Buchloe dactyloides ) and blue grama (Bouteloua gracilis ) . However , since 
livestock production is less from ranges in low range condition even under 
proper use , management to improve the range to low excellent range condition 
is recommended for most situations . 
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Table 7 .  Livestock Production From Mixed Prairie Ranges in Different Range Condition Classes 
Grazed by Hereford x Angus Yearling Steers , Cottonwood , June !-August 30 , 1976  
Relative range condition 
Replicate 
Range condition 
Estimated 
Percent ( scsa) 
Number of acres 
Stocking rate , AUM/A 
Utilization 
Class , reconnaissance 
Weighted by area , % 
Index on key use areab 
AGSM , ungrazed ht . ,  in . 
AGSM, stubble ht . , in . 
AGSM, plants grazed , % 
BUDA-BOGR, plants 
grazed , % 
Total herbage residue , lb . /A 
Number of record steers 
Initial steer wt . ,  lb . 
Average daily gain of steers , 
June 
July 
August 
Summer 
Gain per area,  lb . /A 
( calculated) 
1 
Fair 
43 
72  
. 36 
Full 
46 
7 . 0  
2 . 8  
5 7  
5 7  
700 
8 
6 1 5  
lb . 
2 . 3  
0 . 8  
0 . 7  
1 .  2 
16 . 9  
a Soil Conservation Service . 
Low 
2 
Fair-
3 1  
80 
. 30 
Full 
4 1  
6 . 8  
2 . 7  
43  
49 
435 
7 
625  
2 . 2  
1 . 9  
1 . 1 
1 .  7 
20 . 4  
Mean 
37  
. 33 
44 
6 . 9  
2 . 8  
50  
53  
568  
620  
2 . 2  
1 . 3  
0 . 9  
1 . 4  
18 . 6  
1 
Good+ 
65 
133 
. 40 
Mod+ 
45 
8 . 0  
4 . 5  
54  
40 
750 
2 1  
625 
2 . 2  
1 . 1 
2 . 0  
1 .  7 
27 . 1  
Medium 
2 
Good 
57  
141  
. 38 
Full+ 
47 
7 . 4  
3 . 2  
64 
43 
580 
2 1  
641  
2 . 6  
- . 2  
0 . 9  
1 . 1 
15 . 9 
b AGSM = western wheatgrass , BUDA = buffalograss and BOGR = blue grama . 
Mean 
6 1  
. 39 
46 
7 . 7  
3 . 8  
69  
42 
665 
633 
2 . 4  
0 . 4  
1 . 5  
1 . 4  
2 1 . 5  
1 
Excel-
78 
183  
.43  
Full+ 
50 
8 . 3  
4 . 5  
44 
37 
815  
25 
629 
2 . 1 
0 . 9  
2 . 1  
1 . 6  
27 . 8  
High 
2 
Excel-
79 
183  
. 4 1 
Full+ 
45 
8 . 3  
4 . 4  
62 
41 
830 
23  
623  
2 . 0  
0 . 8  
0 . 8  
1 . 2  / 
19 . 4  
c Gain per acre was calculated as total gain of record steers + number of acres x (total AUM.s grazing 
furnished + AUM.s grazing for record steers) . 
Mean 
78 
. 42 
48 
8 . 3  
4 . 4  
53  
39 
882 
626 
2 . 0  
0 . 9  
1 . 4  
1 . 4  
23 . 6  
I-" 
0 
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Introduction 
When traditional roughages are in short supply or high in price , other 
fibrous feed sources for ruminants should be considered if available at a 
competitive price . One such fibrous material shown to have potential as a 
ruminant feed is the aspen tree (Populus tremuloids Michx . ) harvested in its 
entire form to include bark , leaves and trunk. The aspen tree is the mos t  
widespread tree species in , North America and the least utilized . Estimates 
exceed 6 million acres of  mature trees in an area which would include the 
Black Hills (58 , 000 acres ) , the Great Lakes region and the Rocky Mountain 
region. Since the tree responds to harvest  by thirtyfold reproduction from the 
remaining s tump and root , it becomes a highly renewable source of fiber . 
Previously , when aspen wood was properly supplemented to correct nutrient 
deficiencies such as protein , the final mixed ration was a satisfactory replace­
ment for up .to 80% alfalfa in growing rations for cattle (A. S .  Series 76- 19 ) . 
The obj ective of this experiment was to further explore the use of aspen as 
the roughage portion of both growing and finishing rations . An attempt was also 
made to determine if chicken manure could partially replace soybean meal as a 
protein supplement in a ration having aspen as a maj or component . 
Materials and Methods 
Approximately 50 tons of fresh aspen chips were provided by the South Dakota 
Department of Game , Fish and Parks from trees harvested in the grouse habitat 
s tudy areas located in the Black Hills . The aspen chips were trucked ( 350 miles)  
to the Foundation Seed House located on the South Dakota State University campus 
for drying . Aspen chips were forced air-dried at a temperature of 380 C .  to a 
moisture level which would provide for safe  storage prior to ration formulation . 
Fresh aspen chips contained approximately 50% moisture and less than 10% moisture 
after 2 days of bin drying . Although aspen chips can be ground wet , drying 
appears to proceed more rapidly in the chip form. All aspen material used in 
these experiments was ground following the drying process using a portable 
hammer mill equipped with a 3 /8-inch screen. 
The s ix treatments ( table 1 )  were ( 1 )  an all-concentrate ration , ( 2 )  a high 
roughage control composed of 93% alfalfa ,  (3) a high-concentrate ration with 15% 
alfalfa as roughage , (4 )  a high-concentrate ration with 15%  aspen as roughage , 
( 5 )  a 48% aspen-13% alfalfa ration without grain and 32% added soybean meal 
and ( 6 )  a 48% aspen-13% alfalfa ration without grain and 16% added soybean meal 
p lus 16% chicken manure . All rations were prepared in meal form at the 
South Dakota State University feed mill . Ingredient composition is shown in 
table 1 .  
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Table 1 .  Ration Composition and Treatments 
1 2 
Treatments 
3 4 
Concen- Concen-
Concen- Control trate trate 
Ingredie�t_§ trate 93% alfalfa 15% alfalfa 15% aspen 
Corn 
Aspen 
Alfalfa 
Soyb'ean oil meal 
(44% crude protein) 
Chicken manure 
( 26% crude protein) 
Molasses 
86 
13  
0 . 5  
0 . 5 
93  
5 . 0  
1 . 0  
1 .  0 
73 . 5  
15 . 0  
10 . 0  
--
0 . 5  
0 . 5  
0 . 5  
67 . 0  
15 . 0 
17 . 0  
--
0 . 5  
0 . 5  
5 6 
48% aspen 
13% alfalfa 
48% aspen 16% chicken 
13% alfalfa manure 
48 . 0  
1 3 . 0  
32 . 0  
5 . 0  
1 . 0  
1 . 0  
48 . 0  
13 . 0  
16 . 0  
16 . 0  
5 . 0  
1 . 0 
1 . 0  
Trace minerals 
Limestone 
Dicalciuro phosphate 
Vitamin A Sixty-seven grams /ton to supply 2000 IU per kg 
Estimated crude 
protein 
1 2 . 60  1 3 . 95 1 2 . 53 12 . 84 16 . 00 13 . 15 
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Sixty Hereford steers weighing approximately 700 lb . were randomly allotted 
to 12 pens of five animals each. Each ration treatment was fed to  two pens of 
s teers or a total of ten animals per treatment . Animals were fed to a desired 
slaughter weight of about 1 100 pounds . Animals were brought to full feed over a 
2-week period starting with an initial feeding of 10 lb . per animal and 
increasing the feeding level daily . Animals were fed ad libitum once full feed 
was achieved . All animals received trace mineral salt and water free choice . 
Steers . from treatments 1 ,  3 and 4 and pen 6 of treatment 5 were slaughtered 
after 126  days of feeding . The remaining animals were slaughtered at 182 days 
( treatments 2 and 5 and pen 5 of treatment 5 ) . 
Feedlot Performance 
Results and Discussion 
Results of feedlot performance for the 1 26- and 1 82-day feeding trials 
are shown in tables 2 and 3 ,  respectively . All experimental rations were 
readily consumed in the meal form, although some difficulty was encountered with 
the 93%  alfalfa ration ( treatment 2) early in the feeding period . One animal 
was lost due to bloat and others showed distention . No further problems with bloat 
occurred after a portion of the ration was offered as long hay . Animals on this 
ration actually performed better than in the 1975  experiments when the same 
ration was offered in pellet form. However , frequent contamination with corn 
as batches of feed were prepared may have contributed to performance . Certain 
batches of feed contained as much as one-third corn contamination if concentrate 
rations were prepared j us t  prior to the roughage rations . In general , the 
s teers accepted all experimental rations quite well . Some sorting did occur 
with the 48% aspen ration if large chips of aspen occurred in the ration mixes . 
It was also noted an overall decreased consumption of as much as 18% occurred 
with the meal as compared to the pellet form of this ration . The meal form of 
the alfalfa ration , however , was more readily consumed than the pellet form. 
The ration containing chicken manure ( treatment 6 )  attracted a large fly 
population which was somewhat disturbing to animals during ration consumption . 
Table 2 summarizes feedlot performance after 126 days for all treatments . 
No difference in animal performance was noted between concentrate-fed animals 
due to roughage addition or type of roughage used . No difference was shown in 
rate of gain for animals fed roughage rations (treatments 2 and 5 ) , but it 
would appear that the addition of chicken manure as a replacement for s oybean 
meal depressed gains . The lower gains could have resulted from the lower total 
protein content of this ration as compared to the other roughage rations 
rather than an effect caused by addition of manure protein . The feed efficiency 
was significantly better with the aspen-soybean ration ( treatment 5 )  than the 
alfalfa ration ( treatment 2 )  for 126  days and was also favored after 1 82 days 
( table 3) . 
At 126  days , steers on treatments 1 ,  3 and 4 had reached or exceeded 1 100 
lb . and were slaughtered . The animals from treatment 5 averaged 1066 lb . at 
126 days and were within 34 lb . of the desired 1 100 lb . slaughter weight imposed 
by experimental design. This group of five animals was also slaughtered at 
126 days to enable at least cursory comparison of carcass characteristics 
between high-concentrate fed animals and high-roughage fed animals at s imilar 
slaughter weights  and length of feeding . Of special interest was a comparison 
of the taste panel scores between concenLrate- and roughage-fed animals . 
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Table 2 .  Feedlot PerformanL� as Affected by Different Rations--1 26 daysa 
Number of animals 
Avg .  init . filled wt . ,  lb . 
Avg . final filled wt . ,  lb . 
Avg .  init . shrunk wt . ,  lb . 
Avg .  final shrunk wt . , lb . 
Avg .  daily gain , lb . 
3 1  days 
63 days 
94 days 
126  days 
126  days ( shrunk) 
Avg .  daily ration , lb . 
3 1  days 
63  days 
94 days 
126  days 
Feed/lb . gain , lb . 
3 1  days 
63 days 
94 days 
126 days (filled) 
126  days ( shrunk) 
1 
Concen­
trate 
10  
7 1 8  
1 1 76 
707 
1 148 
3 . 42 
3 . 78 
3 . 66 
3 . 64 
3 . 50 
14 . 9 1 
1 7 . 60 
1 8 . 60 
19 . 9 1 
4 . 49 
4 . 67 
5 . 10 
5 . 47 
5 .  72 
Treatments 
2 3 4 
Concen-
Control trate 
93%  alfalfa 15% alfalfa 
10 
722 
1012  
717  
1 .  7 1  
2 . 05 
2 . 37 
2 . 29 
1 8 . 36 
2 3 . 37 
25 . 74 
28 . 24 
1 0 . 78  
1 1 . 47 
1 0 .  95 
12 . 43 
10  
720 
1 166 
7 1 0  
1 1 35 
3 . 48 
3 . 5 7 
3 . 5 1 
3 . 55 
3 . 37 
1 7 . 99 
1 9 . 00 
1 9 . 86 
2 1 . 25 
5 . 1 7 
5 . 32 
6 . 50 
6 . 00 
6 . 34 
Concen­
trate 
15% aspen 
10  
722  
1 1 7 7  
7 10 
1 1 40 
4 . 10 
3 . 96 
3 . 66 
3 . 6 1  
3 . 42 
19 . 59 
22 . 32 
2 3 . 38  
24 . 63  
4 . 78 
5 . 63 
6 . 39 
6 . 83 
7 . 24 
5 6 
48% aspen 
1 3% alfalfa 
48% aspen 16% chicken 
1 3% alfalfa manure 
10  
722 
1030 
708 
1066b 
3 . 45*  
2 . 74 
2 . 5 1  
2 . 44 
2 1 . 33 
22 . 58 
22 . 6 1 
23 . 82 
6 . 26* 
8 . 24* 
9 . 0 1  
9 . 82* 
10  
7 1 8  
952 
709 
1 . 90 
1 . 53 
1 . 88 
1 . 86 
16 . 94 
19 . 75 
2 1 . 26 
23 . 04 
8 . 97*  
1 3 . 25 
1 1 . 44 
12 . 42 
a Treatment 3 ( concentrate-alfalfa) and treatment 4 (concentrate-aspen) are compared with concentrate 
control and treatment 5 (48% aspen-13% alfalfa) and treatment 6 (48% aspen-16% chicken manure) against 
alfalfa control at the 5% level of significance . 
b Average weight of five animals (pen 6 ) . 
* Significantly different (P< . 05 ) . 
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Table 3 .  Feedlot Performance As Affected by Different Rations--
182 days--for Treatments 2 ,  5 (lot 5) and 6 
Treatments 
2 5 6 
48% aspen 
13% alfalfa 
Control 48% aspen 16% chicken 
93%  alfalfa 13% alfalfa manure 
Number of animals 10 5 10 
Avg .  init . filled wt . ,  lb . 722  722  7 18  
Avg . final f illed , wt . , lb . 109 1 104 1 9 75 
Avg . init .  shrunk wt . , lb . 7 1 7  708 709 
Avg .  final shrunk wt . , lb . 1054 1022 959 
Avg . daily gain , lb . 
154  days 2 . 1 1  1 . 88 1 . 6 7 
182 days 2 . 02 1 .  76  1 . 4 1 
182 days (shrunk) 1. 89 1 .  73 1 .  3 7  
Avg .  daily ration , lb . 
154  days 30 . 09 22 . 8 1 24 . 19 
182 days 3 1 . 15 23 . 14 24 . 94 
Feed/1b . gain , lb . 
154  days 14 . 25 12  . 13 14 . 55 
182 days 15 . 50 13 . 17 1 7 . 7 7  
182 days (shrunk) 16 . 55 13 . 43 1 8 . 32 
Carcass Data 
Carcass data and taste panel evaluation for the 35 animals slaughtered 
after 126 days and the 25 animals slaughtered after 182-day growing period are 
shown in tables 4 and 5 ,  respectively . Slaughtering half of the cattle fed 48% 
aspen-13% alfalfa-32% soybean meal ration at each date enabled comparison of 
slaughter data with cattle fed the highest  aspen ration with both concentrates 
and roughages by taste panel . Animals from all treatment groups had carcass 
grading within the range of standard to choice minus . Dressing percent was 
lower for the animals fed rations containing aspen than those fed the alfalfa 
control.  Animals fed the . roughage control ration (treatment 2 )  had more kidney 
fat than those fed the aspen rations (treatments 5 and 6 ) . No significant 
differences were noted between marbling scores , dressing percent , rib eye area , 
color , maturity , flavor , j uiciness , drip loss or volatile gas loss . As could 
be expected , the number of abs cessed livers and livers condemned was higher for 
animals on concentrate rations . 
Steaks from animals fed ration 5 had less  cooking loss than the steaks of 
animals fed the alfalfa ration (table 6 ) . Steaks from the ration 5 group were 
more tender than the meat from animals fed either the corn or alfalfa rations . 
Mechanical shear also confirmed that the steaks from animals fed ration 5 were 
more tender than steaks from animals fed either the corn or alfalfa rations 
(table 6 ) . Percent cooking losses were lower for meat from animals on ration 5 
as compared to the steaks produced on the other rations . 
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Table 4 .  Carcass  Characteristics and Taste Panel Evaluation As 
Affected by Different Rations--126  Days 
Hot carcass wt . , lb . 
Dressing percent 
Carcass grade 
Marbling score 
Abscessed livers 
Number of livers condemned 
Rib eye area , sq . in . 
Maturity 
Color 
Firmness  
Kidney fat , % 
Taste panel evaluationb 
Tenderness 
Flavor 
Juiciness  
a Five animals only . 
1 
Concen-
trate 
700 . 8 
59 . 5  
choice-
4 . 7 
4 
3 
1 1 . 4  
24 
5 . 1 
4 . 7  
3 . 0 
3 . 9  
3 . 0  
4 . 0  
Treatments 
3 4 5 
Concen- Concen-
trate trate 48% aspen 
15% alfalfa 15%  aspen 13%  alfalfa 
694 . 2  687 . 4  546 . 4  
59 . 6  5 8 . 4  5 1 . 2  
good+ good+ standard+ 
4 . 3 4 . 9  3 . 0  
4 3 
2 2 
1 2 . 1 . 1 1 . 4  10 . 8  
24 24  24  
5 . 1 5 . 5  4 . 8 
4 . 4  4 . 8 4 . 2 
2 . 8 2 . 8  1 .  6 
3 . 7 3 . 3  2 . 7  
3 . 1 2 . 9  2 . 9  
3 . 9  3 . 7 3 . 4  
b Scored on a scale of 1 to  8 with lower values being more desirable . 
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Table 5 .  Carcass Characteristics and Taste Panel Evaluation As 
Affected by Different Rations--182 Days 
Hot carcass wt . , lb . 
Dressing percent 
Carcass grade 
Marbling score 
Abscessed livers 
Numbers of livers condemned 
Rib eye area , sq . in . 
Maturity 
Color 
Firmness 
Kidney fat , % 
Taste panel evaluationc 
Tenderness 
Flavor 
Juiciness 
a Ten animals . 
b Five animals only . 
2a 
Control 
93% alfalfa 
5 9 1 . 1  
5 4 . 1 7  
good-
3 . 6  
2 
2 
10 . 1 7 
23 . 7  
5 
6 
1 . 9  
3 . 7 
3 . 2  
3 . 9  
Treatments 
5. 6 
48% aspen 
13% al:t;alfa 
48% aspen 16%  chicken 
13% alfalfa manure 
552 . 4  504 . 3  
53 . 08 51 .  74  
good- standard 
3 . 8  3 . 05 
10 . 34 10 . 38 
24 . 0  23 . 8  
5 4 . 8  
6 5 . 8  
1 . 6  1 . 4  
2 . 6  3 . 6  
2 . 9  3 . 0  
3 . 5  4 . 0  
c Scored on a scale of 1 to 8 with lower values being more desirable .  
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w Volatile gas los s ,  % \J1 
Cooking loss , % 
Shear ( lb . fl inch 
section) 
Table 6 .  Shear Test and Percent Volatile Gas and Cooking Losses 
126 and 182 Days 
Treatments 
1 2 3 4 5 
Concen- Concen-
Concen- Control trate trate 48% aspen 
trate 93% alfalfa 15% alfalfa 15% aspen 13% alfalfa 
22 . 4  25 . 1  24 . 6  22 . 0  20 . 3  
27 . 1  29 . 6  28 . 4  26 . 4  25 . 1  
1 6 . 0 1 3 . 8 14 . 6  12 . 9  1 1 . 4  
6 
48% aspen 
1 3% alfalfa 
16% chicken 
manure 
22 . 7  
00 
29 . 4  
14 . 3  
- 9 -
Summary and Conclusions 
Steers were used to determine the value of aspen material as a component 
of a high-energy ration replacing alfalfa as the roughage portion ,  as a 
component of a growing ration in which s oybean meal was used to correct protein 
deficiency , and as a component of a growing ration in which soybean meal as 
well as chicken manure were used to correct the protein deficiency of aspen 
material . 
All rations were fed in the form of a meal . Two of the 1976  rations 
(93%  alfalfa and 48% aspen-32% soybean meal) were fed during 1975 as a pellet 
with little difference in performance by the cattle fed aspen other than 
depressed feed intake for the meal form. The animals fed the alfalfa ration 
performed better when the ration was presented as a meal except bloat was more 
of a problem .  Roughage addition or type of roughage did not affect the 
performance of concentrate-fed animals or appreciably alter carcass 
characteristics . Feedlot performance was poor for chicken manure-fed animals 
as compared to those ,fed the alfalfa ration which served as a control for the 
roughage-type rations . Steaks from animals fed the 48% aspen-soybean meal 
ration had lower cooking losses and higher tenderness scores than steaks from 
animals fed either corn or alfalfa .  
Aspen wood contains an appreciable amount o f  fiber carbohydrate which can 
provide energy for ruminants . It must be realized that aspen has certain 
nutrient deficiencies which must  be corrected . If nutritional deficiencies 
such as protein, vitamin A and phosphorus can be corrected without excessive 
cos t , aspen rations should become competitive with s imilar traditional rations . 
Aspen will probably have the greatest potential as a maj or component of 
maintenance-type rations . Development of aspen-containing maintenance rations 
are being studied at the present time and the results will be reported at a 
later date . 
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South Dakota State University 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment Station 
Forage Finishing Exotic Crossbred Cattle 
V. L. Anderson and C .  A. Dinkel 
A. S .  Series 7 7-16  
Ruminants make the most efficient use of  forage of  any of the farm animal 
species . Recently , increased attention has been given to finishing cattle on 
high-forage or all-forage rations . This  could become more important if the 
world demand for grain for human consumption increases and less grain is 
available for livestock feeding . Limited information is available on forage 
finishing exotic crossbred cattle. When the percent of forage in a ration 
is increased , the rate of gain will be reduced and the time spent in the 
feedlot extended . 
This experiment compares the feedlot and carcass performance of exotic 
crossbred cattle finished on all-forage � a traditional high corn grain 
ration . 
Procedure 
The exotic crossbred cattle used in this experiment were produced by one 
Limousin bull artif ically mated to Angus � Charolais and Angus-Charolais crossbred 
cows at the South Dakota State University beef breeding unit . At weaning , 
40 steer and 30 heifer calves were s tarted on the high-concentrate ration and 
10  steer and 1 9  heifer calves were started on the all-forage ration. 
The in�tial concentrate ration consisted of 58% corn , 20% ground alfalf a , 
1 6% oats , 4% soybean meal and 2%  vitamin A premix . Steers and heifers were 
individually switched to a higher energy ration consisting of 83% corn , 
10% ground alfalfa ,  5% soybean meal and 2 %  vitamin A premix when they reached 
700 lb . and 625 lb . ,  respectively . Steers and heifers were fed for an 
additional 140 and 1 19 days , respectively , prior to s laughter . 
The all-forage ration consisted of three p arts corn s ilage and one part 
alfalfa hay ( 1 8 . 7 8% protein) . The 1976  drought silage (35 . 77 %  dry matter) 
yielded approximately 5 to  10  bushels of grain per acre . 
The concentrate-fed animals were individually fed ad libitum at the 
Brookings station ,  while the forage-fed animals were pen-fed in sex groups 
at the Southeast Experiment Farm near Beresford .  
The concentrate-fed animals were slaughtered first and an attempt was 
made to slaughter the forage-fed animals at the same weight as their high 
grain-fed counterparts . Forage-fed steers shrunk more than expected , resulting 
in an 86 lb . difference in slaughter weight (table 1 ) . All animals were 
slaughtered at John Morrell and Company in Sioux Falls , and the right half 
of each carcass was shipped to the South Dakota State University Meat Lab 
for cutting into closely trimmed ,  semi-boneless retail cuts . Retail cut 
yield for the two groups was adjusted for differences in initial weight 
( table 1 ) . 
.. 
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Results 
The crossbred steers in this trial gained 1 . 83 lb . per day on forage and 
2 . 73 lb . per day on concentrate .  Heifers gained 1 . 62 lb . per day and 2 . 53  lb . 
per day on forage and concentrate , respectively (table 1 ) . 
The forage-fed cattle yield graded 7 1% number 1 and 2 8% number 2 .  
Concentrate-fed cattle yield graded 75% number 1 ,  20% number 2 and 5% number 3 .  
Quality grading of forage-fed animals resulted in 48% Standard , 45% Good and 7 %  
Choice . Concentrate-fed animals quality graded 35% Standard and 65% Good . 
Efficiency was measured by pounds of TDN required per pound of red meat 
produced (table 1 ) . Forage-fed steers required 8 . 78  lb . of  TDN per pound of red 
meat , while concentrate-fed steers required 5 . 73 pounds . Forage- and concentrate­
fed heifers required 7 . 83 and 5 . 36 lb . ,  respectively . 
Economic analysis is the critical factor in any livestock operation . 
Applying actual costs to each of the feed ingredients and estimating the fixed 
cost per head per day can give a total cost of gain. An example of this cost 
analysis , based on prices existing at the time of this experiment , is illustrated 
in table 2 .  
Forage and concentrate feed costs per pound of gain for steers were $0 . 334 
and $0 . 3 1 8 ,  respectively , and for heifers $0 . 338 and $0 . 346 , respectively . 
Total fixed and feed cost per pound of retail cut was $0 . 374  and $0 . 393 for 
forage- and concentrate-fed steers , respectively . Cost per pound of retail cut 
for forage- and concentrate-fed heifers was $0 . 342 and $0 . 353 , respectively . 
Conclusions 
Preliminary results of this trial indicate that feeder cattle can be 
finished competitively on all-forage rations , especially in years of high grain 
prices and available drought silage . It is important to keep the fixed costs to 
a minimum , as this is a larger part of the total cost of producing forage­
finished cattle . Costs will vary greatly , depending on the equipment and 
facilities utilized.  Farmer-feeders who fill their feedlots one time a year can 
profit more from forage finishing cattle . Ruminants will continue to produce 
red meat efficiently from high forage rations as grain increases in price and 
decreases in availability . 
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Table 1 .  Performance Factors of Forage Vs Concentrate 
Finished Exotic Crossbred Cattle 
Concen-
Forage trate 
Exotic · crossbred Steers 
Initial wt . , lb . 553  539  
Final wt . ,  lb . 1 0 1 9  1 105 
Average daily gain , lb . 1 .  83 2 . 46 
Lb . feed/lb . gain 24 . 85 6 . 34 
Lb . TDN/lb . retail cut 8 . 78 5 . 73 
Exotic Crossbred Heifers 
Initial wt . ,  lb . 545 5 10 
Final wt . , lb . 887 894 
Average daily gain , lb . 1 .  62 2 . 26 
Lb . feed/lb . gain 24 . 75 6 . 78 
Lb . TDN/lb . retail cut 7 . 83 5 . 36 
Table 2 .  Cost Analysis of Forage Vs Concentrate 
Finished Exotic Crossbred---Cattle 
Feed ingredient 
Corn silage 
Alfalfa hay 
Corn grain 
Oats 
Ground alfalfa hay 
Soybean meal 
Vitamin A premix 
Forage 
$20/ton 
$30/ton 
Concen­
trate 
$2 . 50/bu. 
$ 1 .  2 5 /bu . 
$40/ton 
$200/to'n 
$ 7  . 50/cwt . 
Fixed cost $ . 1 0 /head/day 
Exotic Cros sbred Steers 
Feed cost per lb . gain 
Feed cost per lb . retail cut 
Fixed cost per lb . retail cut 
Total cost per lb . retail cut 
$ . 334/lb . 
$ . 3 1 3 /lb . 
$ . 06 1 /lb . 
$ . 374/lb .  
Exotic Crossbred Heifers 
Feed cost per lb . gain 
Feed cost per lb . retail cut 
Fixed cost per lb . retail cut 
Total cost per lb . retail cut 
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$ . 338/lb .  
$ . 280/lb .  
$ . 06 2 /lb .  
$ . 342 /lb .  
$ . 3 1 8/lb .  
$ . 348/lb .  
$ . 045 /lb .  
$ . 393/lb .  
$ . 346 /lb . 
$ . 308/lb .  
$ . 045 /lb .  
$ . 353/lb .  
South Dakota State University 
Brookings , South Dakota 
Department of Chemistry 
Station Biochemistry Section 
Composition of South Dakota Silages 
A. W .  Halverson 
Introduction and Procedure 
A . S .  Series 77-17  
Questions are sometimes raised about the nutritional quality of s ilage.s 
which are harvested and put up in South Dakota .  Therefore , chemical data on 
1973- 75 samples from throughout South Dakota were averaged and subjected to 
statistical treatment by the coefficient of variation method . Comparisons 
were made with United States values on similar feed as reported in the Atlas 
of Nutritional Data on United States and Canadian Feeds and published by the 
National Academy of Sciences (NAS , 19 7 1 ) . Total digestible nutrient values (TDN ' s ) 
were calculated on the South Dakota feeds by use of the digestion coefficients 
listed in the NAS ( 1 9 7 1) reference. 
Results and Discussion 
The results on South Dakota alfalfa ,  corn and oat silages and the values 
reported on these same s ilages for the United States at large are shown in 
table 1 .  In general , higher dry matter contents were evident with the South Dakota 
silages as compared to the national averages .  When compared on a dry basis , 
the contents of the other constituents of the South Dakota s ilages generally 
showed reasonable agreement with the United States values (table 1) . In 
relation to the United States values , alfalfa silages from South Dakota varied 
slightly in ash , crude fiber , ether extract , TDN , calcium and phosphorus 
composition. Similarly , the corn s ilages from South Dakota showed s light 
variations in composition from the national values with respect to ash , crude 
fiber , ether extract ,  nitrogen-free extract , protein and calcium and the oat 
silages from South Dakota showed variations for ash , crude fiber , nitrogen-
free extract , protein and TDN . Moreover , the difference in crude fiber and 
protein contents of the South Dakota oat s ilage samples from the United States 
values was noticeable .  
The results of statistical treatment of the South Dakota data by the 
coefficient of variation method show that differences in variability were 
evident for the silage constituents (table 1 ) . This was also evident for the 
United States results reported in the NAS (1 9 7 1) publication as shown in 
table 1 .  The comparison of coefficients between alfalfa silage data for 
South Dakota and the United States showed the values to be higher on dry matter , 
ash , ether extract , protein ,  calcium and phosphorus for the South Dakota 
samples , thus indicating a greater variability with these measurements than 
that reported for the United States at large . At the same time , comparable 
degrees of variability were shown for crude fiber . However , the coefficients 
of variation as shown with the different constituents of the alfalfa s ilage 
from South Dakota were still reasonably low, s ince the values were ordinarily 
below the ±20% level with the exceptions of total dry matter (±3 1%) , ether 
extract (±33%) and phosphorus (±2 1%) . The especially low coefficient (±3%) 
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for TDN on the South Dakota samples was noticeable (Note that the United States 
coefficient for TDN was not given) . The high dry matter coefficient (±31%) on 
the South Dakota samples was in contrast to the low United States value (±12%)  
for this measurement . 
The dry matter data on the South Dakota corn silage samples also showed a 
greater degree of variation than that reported for United States samples 
(table 1 ) . Greater variability was also  shown in the ether extract and protein 
constituents of the South Dakota corn samples than for United States samples . 
However ,  lesser variation was shown with the calcium and phosphorus constituents 
of the South Dakota samples and little or no difference in variation was shown 
for the ash , crude fiber and nitrogen-free extract constituents between the 
South Dakota and United States samples . In general , the South Dakota coefficients 
for total dry matter , ash , ether extract , calcium and phosphorus were above the 
±20% level , while those for crude fiber , nitrogen-free extract , protein and TDN 
were below that level .  As with the alfalfa silage , the TDN coefficient on the 
South Dakota corn silage was very low (±3%) which indicated a low degree of 
variability between samples (Note that the United States coefficient for TDN 
was not given) . 
The results  of the coefficient of variation determination on oat s ilage 
indicated a nearly equivalent variability in dry matter content with South Dakota 
samples as compared to those reported in the NAS ( 1 9 7 1 )  publication (table 1 ) . 
Equivalent variability was also evident with the crude fiber constituent 
between the samples of each source , while lesser variability was shown for the 
protein , calcium and phosphorus of South Dakota samples . With South Dakota 
samples , the coefficients for dry matter , ash and calcium were above the ±20% 
level , while those for crude fiber � ether extract, nitrogen-free extract , 
protein , TDN and phosphorus were below that level . The low coefficient (±4%) 
for TDN on the South Dakota samples was noticeable .  Comparison o f  the 
South Dakota coefficients with published values was not possible in the case 
of ash , ether extract , nitrogen-free extract and TDN since the NAS ( 197 1 )  
pub lication did not list values . 
Summary 
Alfalfa , corn and oat silage samples were analyzed for total dry matter , 
the proximate constituents ,  calcium and phosphorus . The samples were sent in 
by farmers and ranchers to the Agricultural Experiment Station laboratories 
during the 1973-75 crop years . TDN was also calculated on the samples by use 
of the proximate data together with the digestion coefficient values published 
by the NAS ( 1 9 7 1 ) . The various results were compared with values published 
for the United States at large (NAS , 1 9 7 1 ) . The South Dakota measurements 
on dry matter content with each of the three s ilages were s omewhat high as 
compared to the United States values . Also ,  the variability of the dry matter 
measurements with two of the South Dakota s ilages (alfalfa and oat) was higher 
than that reported with the United States samples . This variability in the dry 
matter content of the South Dakota samples was the most  noticeable with alfalfa 
s ilage . Otherwise , alfalfa and corn s ilages did not differ appreciably in 
nutrient composition from the values reported by the NAS1 ( 197 1 ) . However , the 
barley silage was shown to  be lower in crude fiber content and higher in protein 
content than the reported values . In general , the variability of the TDN 
calculations with each of the silages was very low.  
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Table 1 .  Composition of South Dakota Silages in Comparison to United States Tables 
Percent of different constituents 
.Alfalfa s ilage Corn silage Oat silage 
Coeff . Coeff . Coeff . 
Mean of Mean of Mean of 
Constituents 
valuesa variation 
S . D .  u . s . b S . D .  U . S .  
values 
S . D .  U . S .  
variation 
S . D .  U . S .  
values 
S . D .  U . S .  
· variation 
S . D .  U . S .  
As fed 
Total dry matter 
Dry 
Ash 
Crude fiber 
Ether extract 
Nitrogen-free extract 
Protein (N x 6 . 25)  
Total digestible 
nutrientsd 
Calcium 
Phosphorus 
46 . 0  
( 169)  
1 1 . 0  
( 30)  
28 . 8  
(35)  
2 . 1  
( 3 1 )  
39 . 5  
( 30)  
18 . 2  
( 167 )  
55 . 6  
(30)  
1 . 56 
( 19 )  
0 . 22 
(20 )  
38 . 1 3 1  
8 . 6  1 7  
30 . 9  12  
3 . 6  3 3  
3 9  . 1  8 
17 . 8  14  
58 . 5  3 
1 .  40 1 7  
0 . 33 2 1  
12 
9 
12  
14 
9 
8 
1 3  
35 . 6  
( 368)  
26 . 3  25 
6 . 7  5 . 7 27  
( 70 )  
2 1 . 3  2 3 . l 12 
(85)  
2 . 0  3 . 1 37  
( 73 )  
60 . 9  58 . 5  6 
(69)  
9 . 5  8 . 9  1 7  
( 362)  
66 . 0  65 . 7  3 
(69)  
0 . 30 0 . 5oc 32 
(43) 
0 . 19 o . 2oc 20 
(46) . 
2 1  44 . 2  
( 75 )  
25 1 1 . 2 
( 14 )  
1 3  26 . 0  
(23 )  
12  3 . 1 
( 15 )  
6 4 7 . 2  
( 14)  
8 1 1 . 9  
( 75 )  
56 . 3  
( 14)  
98c 0 . 35 
(8 )  
29c 0 . 26 
(8 )  
32 . 4  24  
8 . 4  26 
35 . 5  13  
3 . 1 1 7  
44 . 1  8 
8 . 9  19 
58 . 6  4 
0 . 36c 32 
o . 25c 14 
a The number of South Dakota samples involved with each measurement is shown in parenthesis . 
b Listed under alfalfa ,  aerial part , wilted , ensiled . 
26C 
14c 
soc 
44c 
34c 
c In these instances , the values were taken from Canadian data since United States figures were not 
listed . 
d The digestion coefficients used in the TDN calculation were for cattle . 
v.l 
South Dakota State University 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment Station A. S .  Series 77-18 
Vitamin A Biopotency as Measured by Stores of  
Vitamin A in Livers of Feedlot Cattle 
R. M .  Luther , L. B .  Embry and L .  F .  Bush 
Various research reports  indicate that the potency of vitamin A in mixed 
feeds may be reduced with extended periods of s torage . Commercially manufactured 
vitamin A premixes have a protective matrix which reduces rate of destruction of 
the vitamin and enhances its stability in mixed feeds . Routine assays of 
vitamin A content in feeds and biological materials usually employ a chemical 
assay such as the Carr-Price method or the USP (United States Pharmacopeia) 
method . Variations have been observed between these assay procedures in deter­
mining the vitamin p otency in dry and liquid feeds . Discrepancies between 
chemical assays for vitamin A content and expected potency may be clarified by 
using animals under experimental conditions to check the biological potency . 
Storage of vitamin A in liver tissue most  accurately measures the biological 
potency of vitamin A.  Studies with large animals , however , are not usually 
feasible because of the time and costs involved. 
The obj ective of these experiments was to evaluate the biological potency 
of two sources of vitamin A premix differing in freshness when administered to  
fattening beef cattle . Chemical assays were compared with blood and liver 
vitamin A content t o  measure the biopotency of the vitamin . 
Procedures 
Trial I 
Twenty beef steers were used in this experiment . The steers averaged 1042 
lb . and were allotted to  three pens of six or seven s teers each . The cattle had 
been used in a pasture experiment during the spring and sunnner months . Different 
levels of grain were fed in addition to  p asture grazing . The cattle used in 
this trial were full-fed corn grain during the grazing period with an average 
daily intake of 16 . 4  pounds . Pasture growth declined by mid-October and the 
cattle were brought to the feedlot and fed an additional 56 days . The ration 
consisted of whole shelled corn and minerals (trace mineral salt , ground 
limestone and dicalcium phosphate offered in separate containers) . No additional 
roughage was supplied . 
The treatments consisted of administration of 600 , 000 IU ( International 
Units) of vitamin A palmitate per s teer per week for 4 weeks to give a total of 
2 . 4  million IU per steer . One lot of seven steers received · a recently manu­
factured vitamin A premix with a concentration of 325 , 000 IU per gram.  A second 
lot of seven steers received a vitamin A premix which had been manufactured in 
early 1974 and kept in storage for general use . The premix label showed a 
vitamin A content of 3 0 , 000 IU per gram and this quantity was used as the b asis 
for dosage . Chemical analysis of the premixes was conducted at the State 
Chemical Laboratory , Vermillion , South Dakota.  The vitamin A premixes were 
administered in a gelatin bolus given to  each s teer with a balling gun . One 
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lot of s teers received no supplemental vitamin A .  Samples of blood were collected 
by j ugular vein puncture at the start of the trial . Blood samples and liver 
tissues were taken at slaughter . Carotene and vitamin A analyses were performed 
on all samples . 
Trial II 
Thirty beef steers and heifers of mixed breeding were used in this trial . 
The cattle averaged 1083 lb . and were allotted to three pens of ten cattle each . 
The cattle were previously fed oat hay or oat haylage for 134  days and 
then brought to a full feed of whole shelled corn. The cattle were fed this 
ration during the 4 1-day trial to serve as a partial vitamin A depletion period 
and to get the cattle to weights where they would be finished for slaughter 
after 4 weeks of vitamin A supplementation .  Slaughter was about 2 weeks 
following the last vitamin A dosing . 
The procedures for administering supplemental vitamin A were as outlined 
in trial I .  Samples of blood were collected by j ugular vein puncture at the 
s tart of the trial and at the end of the trial . Liver tissue was taken at 
slaughter .  Carotene and vitamin A analyses were performed on all samples . 
Results 
Chemical assays of the premixes used in these trials indicated that the 
freshly manufactured premix contained 350 , 000 IU vitamin A compared to the 
label of 325 , 000 IU per gram .  The older premix was labeled 30 , 000 IU vitamin A 
per gram. However ,  two chemical analyses showed that the premix contained only 
15 , 000 and 14 , 239 IU per gram.  
Trial I 
The results of the first trial are shown in table 1 .  Levels of vitamin A 
in blood plasma at the start of the trial indicate adequate vitamin A nutrition . 
Carotene levels in blood plasma also reflect adequate intakes of carotenoid 
precursors of vitamin A .  Blood levels of  vitamin A at  the end of  the 56-day 
trial were essentially of the same magnitude as those taken initially . Massive 
doses (600 , 000 IU per s teer weekly for 4 weeks) increased the level of vitamin A 
in the blood only slightly . 
Liver s tores of vitamin A for unsupplemented cattle averaged 32 mcg per 
gram of fresh tissue . Livers from cattle given the recently manufactured premix 
contained 47  mcg per gram and 3 8  mcg per gram for those given the older premix. 
These differences are relatively small .  Supplementation with each premix 
resulted in only a samll amount of s torage of vitamin A in the liver as compared 
to the unsupplemented group . Biological potency did not appear to be lowered 
with the older premix as might have been expected from the results of the 
chemical assay . 
Trial II 
The results of the experiment are presented in table 2 .  Initial blood 
p lasma levels of carotene and vitamin A would be considered adequate for 
finishing beef cattle . Samples collected after the last dose of vitamin A varied 
in carotene content between the experimental treatments . Reasons for this are 
not apparent . Plasma vitamin A levels were of the same general magnitude as those 
taken prior to vitamin A administration. 
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Analysis of liver tissue gave vitamin A values of 15 mcg per gram of tissue 
for cattle not receiving a vitamin A supplement . Cattle receiving massive doses 
of the newer or fresher product had liver vitamin A levels averaging 36 mcg , 
while the livers of cattle dosed with an older , s tored vitamin A premix contained 
34  mcg per gram of tissue . Liver stores with unsupplemented cattle were apparently 
lowered during the time cattle were in the feedlot . Both s ources of vitamin A 
premix increased liver stores over those of unsupplemented cattle , indicating 
the biopotency of each premix was adequate to facilitate storage of the vitamin . 
The older premix appeared to supply enough vitamin A potency to  contribute to 
liver storage of the vitamin , even though chemical analyses showed approximately 
a 50% reduction in biopotency . 
Summary 
Two trials involving 50  beef cattle were conducted to evaluate the potency 
of a recently manufactured vitamin A premix and a older premix held in s torage . 
Massive doses of each premix (600 , 000 IU per s teer per week for 4 weeks) were 
administered by bolus . Blood plasma and liver vitamin A concentrations were 
used as measures of biop otency . 
The older vitamin A premix containing 30 , 000 IU per gram when assayed by 
chemical methods showed approximately a 50% loss of biopotency . When this premix 
was administered to f attening beef s teers at the same total unitage as a recently 
manufactured premix, blood plasma vitamin A levels were essentially the s ame . 
Liver storage of vitamin A was about the same for each premix in trial I and 
trial II . ·However , liver stores of vitamin . A  in unsupplemented cattle were 
lowered only slightly in the first trial but markedly in the second trial as 
compared to cattle receiving the vitamin. The results of trial II indicate 
vitamin A liver storage with vitamin A supplementation and that the b iopotency 
of the older , stored premix was about equal to the fresher premix . 
Evaluations of differences in biopotency of vitamin A should be made under 
conditions in which vitamin A stores in the livers of unsupplemented animals are 
lowered or depleted to lower values than observed in these experiments prior to 
adminis tration of mass ive doses of vitamin A .  Under such conditions the 
response to supplementation would be a more sensitive measure of the vitamin A 
potency of products . 
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Table 1 .  Results of Trial I 
(October 22  to  December 22 , 1976--56 Days) 
No Vitamin A premix 
vitamin A 325 , 000 IU/g 
6 7 
1044 . 3 104 1 .  3 
1 16 1 . 0  1 152 . 0 
lb . 1 1 6 .  7 l lO .  7 
Vitamin A premix 
30,000 IU/g 
7 
104 1 .  7 
1 146 . 6 
104 . 9  
Average Initial Blood Plasma Values--Nov . � 1976 
Carotene , mcg/ 100 ml 
Vitamin A,  mcg/ 100 ml 
9 7 . 25 
39 . 68 
120 . 46 
46 . 52 
Average Final Blood Plasma Values--Dec .  � 1976  
Carotene , mcg / 100 ml 
Vitamin A ,  mcg/ 100 ml 
147 . 44 
37 . 68 
1 1 7 .  66 
45 . 62 
Average Final Liver Values--Dec . � 1976  
Carotene , mcg/g  
Vitamin A, mcg/g 
No . of cattle 
Avg . init . wt . , lb . 
Avg .  final wt . , lb . 
Avg . total gain , lb . 
3 . 42 
3 1 . 94 
3 . 16  
46 . 80 
Table 2 .  Results of Trial II 
(January 26  to  March 8 ,  197 7--41  Days) 
No Vitamin A premix 
vitamin A 325 , 000 IU/g 
10 10 
1085 . 4 1083 . 0  
1 1 45 .  2 l l5 5 .  8 
59 . 8  72 . 8 
127 . 59 
40 . 79 
1 10 . 38 
44 . 75 
3 . 28 
38 . 22 
Vitamin A premix 
30,000 IU/g 
10 
1081 . 6 
1 142 . 2 
60 . 6  
Average Initial Blood Plasma Values--Feb . ..!..i_ 197 7 
Carotene , mcg/ 100 ml 
Vitamin A, mcg/ 100 ml 
133 . 66 
42 . 83 
108 . 19 
40 . 6 7  
Average Final Blood Plasma Values--March ..!..i_ 1977  
Carotene , mcg / 100 ml 
Vitamin A, mcg/ 100 ml 
132 . 96 
36 . 41 
57 . 9 1 
39 . 94 
Average Final Liver Values--March 2.,_ 197 7  
Carotene , mgc/g 
Vitamin A ,  mcg/g 
2 . 87 
14 . 53 
46 
2 . 19 
36 . 23 
10 1 .  12 
40 . 37 
84 . 22 
44 . 30 
2 . 43 
3 3 . 74  
FEEDING AND MANAGEMENT OF NEW FEEDLOT CATTLE 
L .  B .  Embry 
Department of Animal Science 
South Dakota State University 
Brookings , South Dakota 
Introduction 
Feeding and management practices during the first few weeks following 
arrival of new cattle at the feedlot can have a maj or influence on problems 
encountered , need for medication , weight gain and death loss during the period 
of feedlot adaptation and later performance during growing and finishing . Of 
primary importance are rations that will be consumed readily and furnish adequate 
amounts of energy and essential nutrients .  Nutritional requirements and manage­
ment practices , including medication , will vary with age and weight of the 
cattle . Previous nutritional history influences the general health of the 
animals and body stores of several nutrients and will , therefore , have an 
important bearing upon the initial ration and levels of supplementation needed . 
The amount of handling , time and distance shipped , weather conditions and degree 
of exposure to strange cattle and facilities are other factors  affecting the 
degree of stress and thus the medication and dietary needs following arrival . 
Therefore , it is apparent that rati/:s ,  type of supplementation and levels of 
various nutrients may vary s omewhat for different groups of cattle . 
Several factors to  consider in feeding and management of new feedlot cattle 
are discussed in this report .  Information is taken from our research where 
appropriat� .  Many shipments of cattle were used in research during past  years 
to study various feeding and management systems during the first 3 to 4 weeks in 
the feedlot with data obtained on performance during this time and later growing 
and finishing in s ome instances . 
Age and Weight 
The ability of feeder cattle to  withstand s tresses of handling , shipping 
and changes in location and type of ration improves with age . Resistance to  
infections also improves with age and ration changes are generally more 
pronounced for newly weaned calves than for those weaned s ome time prior to 
shipping . One should expect less prob lem from disease and death loss and a 
faster adaptation to  feedlot conditions and rations with calves that have been 
weaned for a month or more and consuming liberal amounts of a properly balanced 
ration prior to shipping than from calves sorted from their dams and shipped 
immediately thereafter . Problems also should be expected to  be less for those 
weaned 6 months or more previously than for calves weaned for only about a 
month . Age and weight at weaning are also important consi.derations as to type 
of ration and its nutrient concentration .  Our experience has been that calves 
weighing much less  than 360 lb . present considerably different problems than 
those weighing 400 lb . or more at weaning . However , the relative effects of 
age , previous nutritional history and degree of shrink should be considered in 
evaluating importance of weight . 
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Feed capacity is less but nutrient concentration of rations needs to be 
greater for the lighter animals for similar rates of gain .  The current National 
Research Council publication on Nutrient Requirements of Beef Cattle lists 
pounds of dry matter consumption , percent protein and Meal/ lb .  of metabolizable 
energy at 8 . 4 ,  1 4 . 1 and 1 . 27 ,  respectively , for a 330-lb . steer calf to gain 
2 . 00 lb . daily . Corresponding values for a 440-lb .  steer are 10 . 8 , 12 . 3  and 
1 . 22 and for a 660-lb .  one , 1 7 . 9 ,  10 . 0  and 1 . 1 8 .  Rations should be approxi­
mately 70 , 55 and 35% concentrates on a dry basis to meet these energy require­
ments . These requirements are for maintenance and growth at the rate specified 
which should be adequate to maintain a healthy and thrifty condition even though 
higher energy rations would likely support greater weight gains , especially for 
the older 'animals . It is quite evident from these requirements that weight and 
age of feedlot cattle have a maj or influence on the type of ration that should 
be offered upon arrival at the feedlot . 
Weight for age and weighing conditions are important considerations for 
both the buyer and seller . An advantage for one may be a disadvantage fO"E.., the 
other unless prices are adj usted accordingly . Reduction in weight from shrinkage 
may be recovered rapidly under proper feeding if resulting only from loss of 
fill of feed and water . Light weight for age because of restricted feed intake 
can result in improved gains and feed efficiency under later liberal intake of 
energy and adequate levels of other essential nutrients .  On the other hand , 
both shrink and restricted feeding may be carried to the point where general 
health and resistance of the animal may be affected , resulting in greater risks 
as to disease problems and losses during early stages in the feedlot . 
Previous Rations and Levels of Feeding 
It is generally recommended that maj or changes in rations for cattle 
should be made gradually . Much of the nutrients available to the ruminant are 
the results of microbial degradation and synthesis . Most  beneficial effects 
appear to be obtained when the microflora are adapted to the rumen conditions 
typical for the ration fed . The gradual changes pertain to sources and levels 
of protein and readily available energy . Any reasonable change in levels of 
minerals and vitamins in relation to requirements should be of no particular 
concern. 
The time . involved for ration changes should depend upon the nature of the 
changes to be made in kinds and amounts of feed . Changes from high levels of 
roughage to high levels of concentrates (80% or more) are commonly made over 
periods of about 2 to 3 weeks with minimum apparent digestive problems . Ration 
changes involving increases in roughage usually can be made abruptly without 
problems with the cattle . 
Moisture content of feeds , especially those associated with b loat and 
digestive disorders , may be a factor to consider . A change from a high-moisture 
feed to a low-moisture one may result in a substantial increase in dry matter 
offered unless the amount is adjusted to account for differences in moisture . 
Sudden and large increases in amount of feed because of variations in moisture 
content and sudden changes from high moisture to dry feeds have been associated 
with digestive disorders and even death losses . 
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Previous rations may impose some restriction on the amount of energy and 
protein that should be offered . However , the restriction should 11.f>t be serious 
and only temporary under good management .  The gradual changes t o  more concen­
trated rations probably can be accomplished best by initial liberal feeding of 
roughages and limited concentrates with a gradual reduction in roughages and 
appropriate increases in concentrates to the desired level .  This early limita­
tion on concentrates offered and the possibility of initial low feed intake , 
especially with calves j ust weaned and not creep-fed , means that higher than 
normal concentrations of protein , minerals and vitamins may be needed in 
supplements ,  concentrates or total rations . While concentrations are often 
expressed per unit of feed , it is the total amount consumed by the animal that 
is  important and feed intake has to be taken into account . 
Animals previously accustomed to grain adapt more readily and at a faster 
rate to high-concentrate rations . Effects of previous ration on the response to  
a rapid increase in amount of  corn grain are illustrated from one of  our studies 
during a drylot finishing phase for cattle fed various levels of corn grain when 
grazing alfalfa-brome pasture . Drylot rations consisted of 2 lb·. of 40% protein 
pelleted supplement and whole corn grain . All treatment groups were s tarted at 
2 lb . protein supplement and 3 lb . corn per head daily . The corn was increased 
by 3 lb . per head daily until grain remained in the feed bunk at the next 
feeding . Thereafter , corn was fed in amounts to be available at all times for 
each group of cattle . Abbreviated results of the experiment are shown in 
table 1 .  
Number 
Tab le 1 .  Previous Level of Grain Feeding and Response 
to Rapid Increases in Grain 
Previous level of corn 
0 3 lb . 6 . lb . 
32 32 32 
Initial wt . ,  lb . 7 14 745 762 
Avg . daily gain to date , lb . 
4 weeks 1 .  66 1 . 82 2 . 29 
8 weeks 2 . 87 2 . 85 3 . 07 
Avg .  daily feed to date , lb . 
4 weeks 1 4 . 1 14 . 6  14 . 4  
8 weeks 1 7 . 8  1 7 . 8  1 7 . 9 
a FF = full-fed . 
FF a 
32 
818  
2 . 92 
3 . 14 
1 7 . 0  
19 . 2  
While the increases in corn offered were higher than usually recommended , 
no problems of illness were evident and no founder occurred during the course of 
the experiment to final slaughter weights . The cattle were on full feed in 4 to  
6 days . The 0 ,  3- and 6-lb . corn groups consumed about the same amount of 
grain . However , weight gains were higher during the first 4 weeks for cattle 
previously fed 3 lb . corn than for the no corn group and higher for the 6-lb . 
group than for those previously fed at the 3-lb . level . Highest rate of gain 
during the first 4-week period was obtained with steers previously full-fed 
(avg . about 14 lb . )  and they als o  consumed more feed . After the initial 4-week 
period , rates of gain were improved for all treatment groups with more improve­
ment noted for those on the previous lower levels of grain . 
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Results of this experiment show that previous level of concentrate feeding 
is a factor to take into consideration in the rate at which new feedlot cattle 
should be raised to a full feed of a high-concentrate ration . In this experiment , 
cattle previously fed at the higher levels of concentrates and making faster 
rates of gain continued to gain at higher rates when increased rapidly to a full 
feed of an all-concentrate ration . The large improvement in weight gains during 
the second 4-week period for groups fed limited grain on pasture in comparison 
to the full-fed group indicates that a more gradual increase to the all- o 
concentrate ration would have been more desirable . 
Energy Levels and Types of Rations 
Much has been said and written as to how new feedlot cattle should be 
handled and the best kind of rations to feed . Many recommendations have 
emphasized a need for going slow on high-energy and high-protein feeds . It is 
evident that age ,  weight and previous nutritional history are factors to 
consider . Therefore , procedures and rations may vary considerably between 
various groups ·of cattle . 
Energy re�uirements of an animal have to be s tated on basis of maintenance 
p lus a specif ic type and rate of production .  Necessary energy concentration of 
rations may be estimated rather accurately for specif ic rates of gain during 
various s tages of growing and finishing . On the other hand , a number of factors 
become involved in selecting the proper level of energy in rations for newly 
arrived feedlot cattle .  The concern i s  not s o  much in furnishing energy to 
support a specific rate of gain. It is mainly a matter of furnishing energy 
above maintenance at a level to rapidly recover shrink resulting from handling 
and transit and to support body weight gains at levels indicative of healthy and 
thrifty cattle . 
In one of our experiments , we compared a high-energy ration of 4 lb . 
chopped alfalfa , 1 lb . protein supplement and a full feed of corn grain with one 
composed of corn silage and 2 lb . of protein supplement . The calves had been 
fed a high-roughage ration for about 4 weeks from weaning until the s tart of the 
experiment . The group fed the high-energy ration was raised to a full feed of 
corn over a period of 2 weeks by a gradual reduction in hay to the 4-lb . level 
with an increase in the amount of corn. Corn silage was essentially full-fed 
from the beginning of the experiment for the group fed s ilage . 
A summary of the results through 1 2  weeks is shown in table 2 .  
Average daily gain was about the same after 4 weeks for calves full-fed 
corn grain and for those full-fed corn s ilage . Daily corn intake with high­
energy and limited amount of hay reached about 1 1  lb . per head by 2 weeks and 
remained at approximately this level for the remainder of the first 4-week 
period . Intake of corn s ilage reached about 29 lb . by the end of the first week 
for the group full-fed corn s ilage and remained at about this level for the 
remainder of the first 4-week period . However , weight gains were improved 
somewhat for the higher energy group after the initial 4-week period . No 
problems were encountered with shipping fever or other illness during the 12  
weeks of the experiment . 
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Table 2 .  Corn Silage vs High-Grain Rations 
Alfalfa hay 
corn graina Corn silageb 
Number 
Initial shrunk wt . ,  lb . 
12-week wt . ,  lb . 
Avg .  daily gain , lb . 
4 weeks 
8 weeks 
12  weeks 
Avg .  daily feed , lb . 
4 weeks 
8 weeks 
12  weeks 
Feed/ 100 lb . gain to  date , lb . 
4 weeks 
8 weeks 
12  weeks 
24 
424 
637 
last period 
1 . 48 
3 . 26 
2 . 85 
15 . 6c 
18 . 4  
22 . 2  
1053 
7 15 
691  
to  date 
2 . 37 
2 . 53 
1 7 . 0  
1 7 . 5  
24 
424 
594  
last period 
1 .  49 
2 . 66 
1 .  9 1  
2 7 . 7  
33 . 0  
37 . 7  
1857 
1463 
1635 
to date 
2 . 08 
2 . 02 
30 . 4  
32 . 8  
a Four lb . alfalfa hay , 1 lb . protein supplement and corn grain full-fed . 
b Two lb . protein supplement and corn s ilage full-fed . 
c Includes 3 . 7  lb . corn s ilage for this period . 
Results of the experiment show properly supplemented corn silage to be a 
satisfactory feed for weaned calves weighing slightly over 400 lb . during early 
stages in the feedlot . There was no advantage .during the first month on basis 
of weight gain or general health for a higher energy ration· of alfalfa hay and 
corn grain . 
Rations with about 35% concentrates and adequate levels of protein , 
vitamins and minerals should support weight gains in the order of 1 . 5  to  2 . 0  lb . 
daily for 400- to 450-lb . calves . Well-eared corn silage properly supplemented 
should meet these requirements .  It is also a palatable feed and readily consumed 
by calves after weaning , especially if fed with a small quantity of hay for two 
or three feedings . Body weight gains of this order should be indicative of 
thrifty and healthy cattle . Higher levels of concentrates during the first 
month of feedlot adaptation have not appeared to offer much advantage in our 
experiments over rations with about 35% concentrates for calves or yearlings . 
In view of likely problems from too rapid adjustment to high-concentrate rations 
for new feedlot cattle , a level of about 35% concentrates or a ration composed 
largely of well-eared corn silage would appear to  be appropriate during the 
first month of feedlot adaptation.  
Protein Level 
The daily intake of protein is of maj or importance for new feedlot cattle . 
It is required in relatively large amounts in relation to other nutrients .  
While there . is evidence of a protein reserve in the body , it can become depleted 
in a short time when intake is deficient , especially during periods of stress 
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and when animals are suffering from .various infections . Protein-depleted 
animals are also more susceptible to infections than those receiving an adequate 
intake and having adequate protein reserves . For these reasons , it would appear 
to be a sound management practice to provide new feedlot cattle with a liberal 
intake of protein.  In view of the general uncertainties as to previous 
nutrition and feed intake by: individual animals during early stages in the 
feedlot , supplementation in excess  of requirements for maintenance and growth 
expected from the ration would appear to be a desirable practice . 
We have tested various levels of protein in rations· during feedlot 
adaptation for both calves and yearlings· . In one experiment , calves were 
weaned , shipped and started on a ration of 3 lb . alfalfa-brome hay , 3 lb . of 
supplement and a full feed of corn silage . .  The supplements were formulated to 
contain 8 ,  20 , 32 and 44% protein by varying the ratios of corn and high­
protein s oybean meal . The obj ective was to determine the effects of  protein 
intake during feedlot adaptation and the experiment was terminated after 4 
weeks . 
Some results from this experiment are shown in table 3 .  Good rates of  gain 
were obtained from all treatments . Handling conditions were such that the 
initial shrink was likely greater than that resulting from the overnight s tand 
without feed and water at the end of the experiment . 
Number 
Table 3 .  Levels of Protein Supplementation During 
Feedlot Adaptation of Calves 
(Heifer Calves--Oct . 2 3  to Nov . 2 1--29 days) 
Percent ;erotein in suEElementa 
8 20 32 
19 19 19  
Initial wt . , lb . 374  374  373  
Final wt . ,  lb . 422 43 1 / 424 
Avg .  daily gain to date , lb . 
7 days 1 . 90 2 . 78 2 . 47 
14  days 1 .  93  2 . 50 2 . 26 
2 1  days 2 . 40 2 .  72  2 . 59 
28  days (filled basis) 2 . 24 2 . 45 2 . 3 1 
2 8  days (shrunk bas is)  1 .  6 7  1 . 95 1 .  75 
Avg .  daily feed to date , lb . 
7 days 10 . 4  10 . 2 10 . l 
14 days 10 . 7  10 . 8  10 . 9  
2 1  days 12 . l 1 2 . 3  1 2 . 3 
2 8  days 13 . 7  14 . 0  13 . 0  
a Fed at 3 lb . per head daily . 
52 
44 
19 
3 75 
434 
2 .  7 1  
2 . 66 
2 . 95 
2 . 52 
2 . 0 1 
10 . 9  
1 1 . 1 
12 . 6  
14 . 4  
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The ration for the low-protein control group was estimated to contain about 
10 . 5% protein , dry basis . Each increment increase amounted to about 3 per­
centage units .  Calves fed the ration with 3 lb . of 20% protein supplement 
gained at a faster rate than the low-protein control group . The advantage was 
especially pronounced during the first and second weeks of the experiment . 
There was only a small change in feed consumption from the higher levels of 
protein supplementation . 
Feeding supplements with more than 20% protein (about 1 3 . 5%  ration protein , 
dry basis ) in this experiment did not appear to offer any additional improve­
ment in weight gain or feed utilization .  No problems were encountered from 
shipping fever or other diseases during the 4-week experiment . 
An experiment was also conducted with yearling cattle at about the same 
time , at the same location and using the same ration treatments as for the 
calves . The yearlings had grazed native prairie pasture the previous pasture 
season and had not been fed grain prior to the experiment . Results of this 
experiment are presented in table 4 .  The high initial rates of gain no doubt 
reflect the recovery of shrink from shipping and the overnight stand without 
feed and water . 
Table 4 .  Levels of Protein Supplementation During 
Feedlot Adaptation of Yearlings 
(Yearling Steers and Heifers--Oct . 2 3  to Nov . 2 1--29 days) 
Percent Erotein in SUEElementa 
8 20 32 
Number 16 16 16 
Initial wt . , lb . 666 667 669 
Final shrunk wt . ,  lb . 7 1 7  720 735 
Avg . daily gain to  date , lb . 
7 days 2 . 5 6 3 . 13 5 . 04 
1 4  days 3 . 05 2 . 97 3 . 38 
2 1  days 2 . 7 1  2 . 74 3 . 1 6  
28  days (filled basis)  2 . 58 2 . 60 3 . 2 8 
2 9  days ( shrunk basis)  1 .  7 6  1 .  84 2 . 3 1 
Avg . daily feed to date , lb . 
7 days 20 . 9  2 1 . 3  22 . 8  
14  days 24 . 8  24 . 8  24 . 9  
2 1  days 2 6 . 1 26 . 5  2 7 . 9  
28 days 2 7 . 2  2 7 . 5  29 . 3  
a Fed at 3 lb . per head daily . 
44 
16 
668 
735 
4 . 88 
4 . 47 
3 . 76 
3 . 09 
2 . 32 
23 . 2  
27 . 0  
29 . 0  
30 . 4  
Rations with 3 lb . of the 8% protein supplement were estimated t o  contain 
about 10% total protein , dry basis . Because of the higher intake of corn 
silage in comparison to  that for the calves , each increment increase in protein 
amounted to about 1 . 7  percentage units in total ration protein .  
5 3  
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Rates of gaiµ were improved by increasing the level of protein in the 
ration . Maximum improvement appeared to be obtained with 3 lb . of 32% protein 
supplement (about 1 3 . 4% total ration protein, dry basis ) . This is about the 
same level of protein in the ration that resulted in maximum performance for 
calves during the 4-week adaptation period . Results with yearlings differed 
from calves in that feed consumption was increased with the higher levels of 
protein . However , feed efficiency was also improved .  
Results of other experiments with calves fed a variety of rations also 
indicate a need for protein of about the levels used ( 13 . 5% ,  dry basis) in 
these experiments for maximum weight gains during the first few weeks following 
weaning and shipping. 
Nonprotein Nitrogen Supplements 
The widespread use of nonprotein nitrogen compounds (primarily urea) as 
replacements for preformed protein in growing and finishing rations for cattle 
raises questions regarding the advisability of including these compounds in 
rations for feedlot catt�e upon arrival . Cattle unaccustomed to urea frequently 
show a lower rate of gain when fed urea-containing rations in comparison to 
those fed conventional high-protein ingredients such as soybean meal . This 
lower rate of gain is generally evident during the first month in the feedlot , 
but it may be influenced in length and severity by the age of cattle , previous 
feeding , nature of ration and level of urea. 
We have studied the effects of feeding rations containing urea under a 
variety of conditions in some of our research on feedlot adaptation of cattle . 
Comparisons of weight gains and feed consumption where calves were weaned , 
shipped and offered a ration of prairie hay and 2 lb . of a 40% protein supple­
ment are shown in table 5 .  One supplement was composed of soybean meal with 
minerals , vitamin A and chlortetracycline . In the other one , 4% urea and corn 
grain replaced part of the soybean meal to give the same amount of protein. 
Rate of gain was at a lower rate (0 . 2 7 lb . daily) with urea during the 
adaptation period of 37 days . Feed intake was only slightly lower for the 
cattle fed urea.  Results show a reduction in weight gains of the' calves even 
though urea furnished only about 28% of the prptein in the supplement . 
Table 5 .  Urea Utilization with Prairie Hay-­
Adaptation Phase (Nov . 20 to Dec .  27--37  days ) 
Type of supplement 
4% SBOM 
urea control 
Number 32 32 
Avg . initial wt . , lb . 422 422 
Avg . final wt . , lb . 473  482 
Avg . daily gain , lb . 1 . 34 1 . 6 1  
Avg .  daily ration , lb . 12 . 9  1 3 . 2  
54 
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After this initial period , the calves were fed supplements with either 4 or 
8% urea along with a full feed of prairie hay . Allotment was on basis of the 
previous supplements . Results of weight gain for the first 2 months and for the 
126-day wintering experiment are shown in table 6 .  
Results show that offering urea after the calves had been on feed 1 month 
depressed weight gain initially in comparison to calves  previously fed urea . 
There was a pronounced recovery by the end of the second month , and there were 
little differences between groups at the end of the experiment except for a 
lower gain for calves fed the supplement with 8% urea without a period of 
adaptation at a lower level .  Starting calves on the supplements with urea or 
introducing it 1 month later had only a small effect on total winter gain . 
However , one might expect that the later date would be at a less critical time 
and be more advisable from the standpoint of likely problems with . the calves . 
Table 6 .  Urea Utilization with Prairie Hay-­
Wintering Phase (Dec . 27  to May 2-- 126 days)  
Adaptation supplement 
Wintering supplement 
Number 
Avg .  initial wt . ,  lb . 
Avg .  finai wt . ,  lb . 
Avg . daily gain , lb . 
First  month 
Second month 
1 26-day experiment 
Avg . daily ration , lb . 
Prairie hay 
Supplement 
Feed/ 100 lb . gain , lb . 
Prairie hay 
Supplement 
4% urea 
4% urea 
1 6  
47 1 
60 1 
0 . 8 1 
1 . 1 6 
1 . 04 
1 2 . 8  
2 . 0  
1240 
194  
Type of supplement 
4% urea SBOM 
8% urea 
16  
465 
594 
0 . 7 1 
1 . 06 
1 . 03 
13 . 0  
2 . 0 
1269  
195 
4% urea 
16  
476  
602 
0 . 02 
1 . 37 
1 . 00 
12 . 9  
2 . 0  
1 288 
200 
SBOM 
8% urea 
1 6  
475 
583 
0 . 32 
1 . 10 
0 . 86 
1 3 . 1  
2 . 0  
1534 
235 
Other experiments with low energy rations and urea supplements have not 
been consistent in the initial depression in weight gains with 2 lb . of about 
40% protein supplements containing 4% urea . However , the depression has occurred 
often enough to question the practice of using this much more before newly 
weaned calves have adj usted to feedlot conditions , appear healthy and are 
consuming adequate amounts of feed . A corn-urea supplement with 8% or more 
urea has presented problems in feed consumption and resulted in more reduction 
in weight gains than supplements with only 4% urea . 
Older cattle fed rations with higher amounts of energy show a somewhat 
different response to urea than do newly weaned calves fed low-energy diets . 
Results of such an experiment where corn silage was full-fed with 2 lb . of 40% 
supplement are shown in table 7 .  Urea comprised 1 1 . 8% of the supplement and was 
the only supplemental protein to the corn silage and corn grain . 
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Results of this experiment show _that urea as the maj or supplemental protein 
to the corn silage was fully equal to soybean meal . Previous ration was corn 
grain and alfalfa hay . Previous adaptation to feedlot conditions resulting in 
older and heavier cattle and a high level of protein may have had effects on the 
results obtained . In other experiments ,  urea as the maj or supplemental protein 
to high-moisture ground ear corn rations has been fully equal to soybean meal . 
Under these conditions with cattle fed for periods of 3 to 4 months prior to use 
in the experiments ,  there frequently was no evidence of a period of adaptation 
to urea . 
Table 7 .  Periodic Weight Gains of Steers Fed Corn 
Silage Supplemented With Soybean Meal or Urea 
(April 8 to December 9--245 days) 
SBOM 
Number 60 
Initial wt . ,  lb . 640 
Weight gain per head 
1 to 29 days , lb . 46 
% of SBOM 
29 to 85 days , lb . 136 
% of SBOM to date 
85 to 1 1 3  days , lb . 58  
% of  SBOM to date 
1 1 3  to 1 4 1  days , lb . 60 
% of SBOM to date 
14 1  to 183 days , lb . 103 
% of SBOM to date 
183 to 2 1 5  days , lb . 8 7  
% o f  SBOM to date 
215  to 245 days , lb . 1 4  
Total for 254  days , lb . 504 
% of SBOM to date 
Urea 
60 
639 
50 
109 
126 
9 7  
5 4  
96  
62  
9 7  
108 
99  
87  
99  
15 
502 
100 
We have also found no advantage in delaying urea supplementation for 2 or 
4 weeks in comparison to feeding it from the beginning of the experiment for 
cattle weaned for 3 to 4 months and offered a full feed of corn s ilage or higher 
energy rations . Weight gains were s imilar to those when feeding a soybean meal 
supplement . Age ,  weight , previous treatment and type of ration offered are no 
doubt factors having important effects on results obtained with urea supplements . 
Older cattle are more resistant to stresses of shipping and adaptation to a new 
location and rations than are calves weaned and immediately subjected to these 
s tresses . Under such conditions with older cattle and liberal quantities of 
energy , it would appear unnecessary to avoid urea as the maj or supplemental 
protein for periods of 2 to 4 weeks after arrival of the cattle� Adaptation to 
urea under these conditions may be accomplished with less evident depression in 
feedlot performance at the same time as adaptation to a • new location and ration 
changes than at a later date . 
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Minerals 
Requirements for most essential mineral elements for cattle. are given in 
tables of nutrient requirements . In several instances , requirements are based 
on a meager amount of experimental data .  However , stated levels are probably on 
the liberal side for mos t  of the mineral elements . Cattle consuming adequate 
levels of feed should present no problems as to deficiencies or a need for 
special supplementation other than requirement levels for maintenance and 
growth . 
New feeder cattle may require some special consideration as to mineral 
supplementation . �owever , little research data are availab le upon which to base 
recommendations for use of electrolytes for forced mineral supplementation at 
levels greater than those required f or maintenance and growth . Obviously ,  
conditions may vary greatly because of the nature of minerals as to  body s torage , 
age of cattle , previous nutrition and disease problems encountered . Sick 
animals not eating or drinking certainly require different levels and methods of 
supplementation than apparent healthy ones consuming adequate amounts of feed 
and water . 
Animals subj ected to  stress and inadequate water intake become dehydrated 
because of a negative water balance . When accompanied by disease resulting in 
elevated body temperature and/or diarrhea , water loss is more severe and it 
becomes important that the water balance be corrected . Water loss , especially 
from diarrhea , results in losses of several minerals from the body . Since body 
reserves for several are quite low,  special supplementation under such conditions 
may be indicated either on a group or individual basis depending on the magnitude 
of the conditions encountered.  
Mineral supplementation for new feedlot cattle may be accomplished by usual 
mineral ingredients such as calcium supplements ,  phosphorus · supplements and salt 
containing trace minerals or a separate trace mineral premix except under those 
cases where special forced treatment may be indicated . Forced feeding through 
the supplement or in the mixed ration should be preferred to offering free 
choice to insure adequate and uniform consumption .  Concentrations in excess of 
require-ments for maintenance and growth in the feed would appear in order 
during early stages in the feedlot because of the uncertainties as to  previous 
nutrition , likely disease problems and feed consumption .  We have followed a 
practice of approximately doubling reconnnended feeding levels for calcium , 
phosphorus and salt with trace elements during the first month for new feedlot 
cattle . While we have no controlled tests as to the effectiveness of such a 
practice , sick animals and death losses have been quite low with most groups of 
cattle . 
Vitamins 
Vitamin supplementation must be considered in any feeding program for new 
feedlot cattle . As mentioned for other nutrients ,  supplemental needs depend 
upon age and weight of cattle , previous nutrition and nature of the ration . 
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The young calf has been shown t9 have a dietary requirement for the B­
complex vitamins . However , those of typical weaning age have not been shown to 
benefit from supplementing with B vitamins when fed common types of rations . If 
supplementation is indicated , it would most  likely be for those not eating or 
drinking with treatment on an individual basis , which often and probably should 
include B vitamins . 
In view of the apparent wide distribution of vitamins E and K in feeds and 
vitamin D from sun-cured forages and exposure to sunlight , no special supple­
mentation of these vitamins would appear needed . Experimental evidence for any 
beneficial effect is lacking with common type rations . 
� 
. The need for supplemental vitamin A has received considerable attention 
during past years . The liver serves as a maj or storehouse for vitamin A,  but 
liver storage does not reach a high level in young cattle . This fact along with 
the uncertainty of previous intake and an accelerated rate of depletion under 
conditions of stress and disease have been used to j ustify relatively high rates 
of vitamin A supplementation for new feedlot cattle . 
The requirement of vitamin A for maintenance and growth by cattle has been 
shown to be about 2000 IU per 100 lb . of b ody weight or 1000 IU per pound of 
ration . These levels appear ample for optimum growth with absence of deficiency 
symptoms . However , levels need to be some three times higher to allow for 
s ignificant liver storage of the vitamin over a period of 2 to  3 months . While 
the amount of liver storage may be important during times when there may be an 
increase in demand or during periods of low intake , there is no evidence of a 
specific need for liver s torage when the requirements are met through daily 
intake . However , this cannot be counted on for new feedlot cattle , and supple­
mentation in excess of requirements for maintenance and growth during early 
s tages in the feedlot is indicated . 
Vitamin A may be administered in the feed , water , capsule or inj ected . It 
is absorbed readily from the digestive tract . Therefore , adequate levels in the 
feed should be sufficient except for animals not consuming feed . If not consuming 
adequate amounts of feed , supplementation with nutrients other than vitamin A as 
well as other medication are likely to be needed . In these cases , administration 
of vitamin A along with other medication would appear to be a sound practice . 
Carotene from feeds is a satisfactory source of vitamin A for cattle with 
1 mg of carotene equal to about 400 IU of vitamin A. Only good quality green , 
leafy forages contain appreciable quantities with dehydrated forages being the 
richest sources . Even with these ,  a considerable quantity of the carotene may 
be lost during storage . For these reasons , it is commonly recommended that the 
total need for vitamin A be supplied as the vitamin , especially for feedlot 
cattle . 
One maj or function of vitamin A is in the maintenance of healthy epithelial 
tissues . In a deficiency , these tissues do not function properly in normal 
secretion , excretion and absorption. The tissues are more susceptible to 
invasion by bacteria . The animal is thus less resistant to infections of the 
respiratory and digestive tracts frequently associated with new feedlot cattle . 
While proper vitamin A supplementation is necessary for resistance to these 
infections , large surpluses do not increase the resistance . However , in view of 
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the several factors mentioned in determining a proper level of supplementation 
f or new feedlot cattle , levels in excess of the requirement for maintenance and 
growth are deemed advisable during early stages in the feedlot . Levels about 
twice these requirement levels in the feed would not appear out of order for a 
period of about 1 month following arrival of new cattle . This has been a 
practice we have followed . The response as evidenced by blood levels has been 
prompt indicative of adequate vitamin A supplementation .  
Antibacterials 
Disease problems associated with shipment of cattle may result in the need 
for extensive medication , slow rates of gain during early stages in the feedlot 
and death losses . Problems are generally greater with calves weaned and shipped 
than for older cattle with only shipping involved . However , considerable 
variation may be encountered between shipments of cattle because of great 
variation in health prior to shipping , stress in handling , contact with other 
cattle and distances shipped . 
Of primary concern following the shipment of cattle is avoiding death 
losses . This period may still be an expensive one to the feeder and may have an 
effect on later performance of the cattle . Therefore , preventative methods have 
received considerable attention in handling new feedlot cattle .  First con­
sideration should be given to an ample intake of energy and liberal amounts of 
other essential nutrients .  The liberal amounts should include the requirements 
for maintenance and growth plus a reasonable surplus to take care of any 
necessary . repletion of body reserves and any increase in needs that may result 
from stresses at this stage . 
Disease prevention through medicated feeds should be based upon the 
incidence and severity of diseases likely to  be encountered and the costs in 
relation to probable benefits .  Such feeds would be indicated where problems are 
frequently encountered , incidence among animals is high and treatment of observed 
sick animals costly and late for most  successful results . Often times animals 
may not show outward s igns of any effects of shipping and adaptation to new 
environments . However , effects may be evident through a low rate of gain not 
detectable without comparing weight gains of a test group of cattle with untreated 
controls . Weight gain is a sensitive measure of the overall effects of treatments .  
Higher weight gains are indicative of healthy and more thrifty cattle . 
Antibiotics ana more recently antibiotics in combination with a sulfa drug 
have been the most widely used compounds in feeds for new feedlot cattle to 
control disease and to improve early feedlot performance . We have conducted a 
number of experiments employing these drugs under various conditions . Results 
of several experiments are summarized in table 8 .  
Calves weaned in the fall and fed prairie hay and protein supplement or 
corn silage and protein supplement with 300 to 350 mg chlortetracycline (CTC) 
daily consistently gained at a faster rate than control calves in 1 1  experiments 
shown in the table .  The average improvement in rate of gain during the first 
month in the feedlot amounted to 1 8 . 6% . While differences in feed consumption 
were small , feed intake was generally slightly higher for the calves fed the 
antibiotic . 
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Table 8 .  Antibacterials Du�ing Feedlot Adaptation of Cattle 
( 3  to 5 weeks for various groups) 
Cattle 
per Init .  Avg. daily gain Avg. daily 
treatment wt . , % over 
feed 
% over 
no . grou:e lb . Lb . control Lb . control 
Calves weaned and shipped . Fed prairie hay and 
protein supplement with 300 to 350 mg CTC daily . 
1 40 365 1 . 06 34 . 2  10 . 3 4 . 9  
2 20 390 1 .  32  34 . 7 9 . 3 0 . 9  
3 24  37 1  1 .  38 0 9 . 5  - 1 . 6  
4 23  388  1 . 12 9 . 8  10 . 5  5 . 0  
5 1 2  427 0 . 38 8 . 6  10 . 9  7 . 9  
6 1 2  394 o .  77 16 . 7  9 . 1 -2 . 2  
7 2 3  399 1 . 56 52 . 9  10 . 4  4 . 0  
8 1 2  4 1 3  0 . 74 1 1 . 4  10 . 8  6 . 9  
9 1 2  4 1 3  0 . 87 3 1 .  8 9 . 5  2 . 2  
Calves weaned and shipped. Fed corn silage and 
protein supplement . 
10  34  359 1 . 83 5 . 8  22 . 3  3 . 0  
1 1  32 362  2 . 24 0 . 4  25 . 5  - 1 . 5  
Weighted average 
38 1 1 .  35  1 8 . 6 1 3 . 8  2 . 5  1 1  experiments 
Calves wintered and shipped . Fed corn silage 
and protein supplement with 250 to  350 mg CTC daily . 
1 19  376 2 .  72  15 . 7 22 . 9  6 . 5  
2 2 7  549 2 . 87 23 . 7  26 . 7  1 1 .  3 
3 25  507  2 . 32 38 . 9 23 . 3  . - 1 . 7 
4 20 4 1 6  3 . 09 24 . 2  26 . 0  - 1 . 6  
Weighted average 
472  2 . 74 26 . 3  24 . 8  3 . 9  4 experiments 
Calves weaned and shipped . Fed prairie hay and protein supplement 
with 350 mg daily each of CTC and sulfamethazine . 
1 48 384 1 .  42 89 . 3  1 1 . 0  7 . 8  
2 24 406 1 . 28 19 . 6  
3 24 436 0 . 82 1 2 . 3 1 1 .  2 0 
4 32 4 7 1  1 . 48 6 . 5  1 7 . 1  0 . 6  
5 32  ' 406 1 .  3 4  1 1 .  7 14 . 1  1 .  4 
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Table 8 Continued 
Avg. daily gain 
Lb . 
% over 
control 
Avg. daily feed 
Lb . 
% over 
control 
Calves weaned and shipped. Fed corn silage and protein supplement 
with 350 mg daily each of CTC and sulfamethazine . 
34  
32 
360 
362 
1 . 89 
2 . 42 
9 . 2  
8 . 5  
2 3 . 1 
26 . 4  
0 . 4  
1 . 9  
Weighted average 
7 experiments 401 1 . 55 2 7 . 5  1 5 . 2  2 . 3  
1 2 0  
Calves wintered and shipped . Fed corn s ilage 
with 350 mg each of CTC and stilfamethazine . 
4 18 2 . 98 16 . 9  26 . 9  5 . 1  
In five experiments where calves were shipped following wintering without 
an antibiotic , improvement in weight gain for antibiotic-supplementea calves 
amounted t,o 26 . 3% . Again , there were only small differences in feed consumption 
but favoring calves fed the antibiotic .  
Calves were fed a combination of  CTC and sulfamethazine each at 3 50  mg daily 
f ollowing weaning and shipping in seven experients and in one experiment 
following shipping in the spring . The improvement in weight gain for those fed 
the antibacterials was in general of about the same magnitude as in the experi­
ments for calves fed CTC except for a high response in one experiment . The 
average amounted to 27 . 5% with similar feed consumption . For the experiment 
with cattle shipped in the spring , the improvement in weight gain amounted to 
1 6 . 9% .  
Results of these experiments show that high levels of supplementation with 
chlortetracycline (300 to  350 mg daily) to calves following weaning and shipping 
resulted in consistent improvements in weight gains during the first month in 
the feedlot . Antibiotic supplementation was started promptly upon arrival .  
Calves shipped following a period of wintering on low energy rations also 
appeared to respond to antibiotic supplementation .  
Chlortetracycline in combination with sulf amethazine each at 3 5 0  mg daily 
for periods of about 1 month following weaning and shipping also resulted in a 
consistent improvement in weight gains . Animal response appeared to be similar 
as for chlortetracycline alone in previous experiments .  
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Disease problems with the calves .in these experiments were minor in most 
instances . They had received no special previous treatments and were in transit 
only a few hours . When problems were encountered , they generally occurred early 
in the experiment . No maj or differences between control calves and those 
supplemented with the antibacterials were evident as to signs of disease and 
number requiring individual medication .  However , the higher rates of gain for 
those supplemented with the antibacterials would indicate more healthy and 
thrifty animals . 
Only results for feedlot adaptation periods of about · l month were presented . 
Weight gains during this period are important only as they may reflect general 
health of the cattle and effects they may have on later performance . These high 
levels of supplementation were followed with a low level of supplementation ( 70 
mg daily) and compared to control animals in several growing and finishing 
trials . Most  beneficial effects were obtained when the initial high level was 
followed by the continuous low level . Improvements during the subsequent low 
level supplementation were at lower rates than during the initial high level 
phas e .  However , they were obtained over a longer period of time , and total 
benef its from both phases appeared large enough to be of considerable economic 
importance . 
Adaptation Periods for Rumensin 
Research has shown that monensin in the form of the sodium salt (Rumensin) 
is a product which improves feed utilization by cattle .  It appears to be 
widely used in the cattle feeding industry . 
When cattle are first placed on feeds which contain Rumensin , there may be 
a substantial initial reduction in feed intake . This effect will be influenced 
by the size of cattle and level of Rumensin .  It is of a temporary nature , but 
feed intake will be about 10% less throughout the feeding period . Feed 
efficiency is improved by about the same amount as the reduction in feed intake 
s ince there is no appreciable effect on weight gain .  
The optimum level of  Rumensin in a complete feed appears to be  30  grams per 
ton of air-dry feed . Since feed intake is related to body weight , the amount of 
Rumens in consumed from complete feeds increases as the cattle gain in weight and 
consume more feed . Under this system of feeding , there is a gradual increase in 
intake of Rumensin with increasing intake of feed . However , it is recommended 
that the level of Rumensin in a complete feed should be reduced to 10 or 20 
grams per ton for the first 2 to 3 weeks . 
When Rumensin is offered in a supplement , suggested rates of supplementation 
are based on feed intake as follows : 
Feed Intake 
Less than 14 pounds 
More than 14 pounds 
More than 20 pounds 
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Overfeeding of Rumensin to lightweight calves during periods of stress 
could reduce feed intake during a critical time and add additional stress . 
Since a supplement fed at a constant daily level will make up a larger percentage 
of the total ration during early stages in the feedlot but decreases as feeding 
progresses , it would be advisable to follow the suggested levels in a daily 
supplement . It is recommended that no cattle receive more than 360 mg of 
Rumens in daily . 
It is well established that Rumensin reduces feed intake . Levels as low as 
10 grams per ton of feed appear to cause this effect , especially during early 
periods of feeding . However , it would seem reasonable to expect the effect 
would become more evident with increasing levels of Rumensin . The importance of 
a temporary period of substantial reduction in feed intake will depend upon size 
of cattle , general health , weather conditions and nutritional adequacy of 
rations � Deviations from suggested procedures should be made only when giving 
due consideration to factors listed which may affect early performance of the 
cattle . 
Diethylstilbestrol (DES ) , Zeranol (Ralgro) ,  Synovex 
and Melengestrol Acetate (MGA) 
These hormone or hormone-like compounds have been shown by numerous experi­
ments and feedlot results to improve weight gain and feed efficiency . DES is 
available as a feed additive and an implant for steers and heifers , Ralgro as an 
implant for steers and heifers , Synovex-S as an implant for steers and Synovex-H 
as an implant for heifers and MGA as a feed additive for heifers . The products 
are for feedlot (not breeding) cattle and directions should be followed as to 
dosage levels and withdrawal times . 
Growth response from DES , Ralgro and Synovex has been reported under a wide 
variety of conditions as to type of rations and age of cattle . Improvement in 
weight gain and feed efficiency results with growing rations as well as finishing 
rations . However , greatest benefits come during finishing because of the 
greater rate of production .  Similar comments can be  made for MGA except it  is 
for intact heifers orily . A growth promoting effect has been reported with 
heifers before puberty , but a greater effect is obtained after this stage . 
Since these products result in increased weight gains and feed intake , they 
present no special considerations as to time of administration in relation to 
feedlot adaptation .  Initial supplements may contain DES or MGA for appropriate 
cattle . Implanting may be done along with other processing operations . Reimplant­
ing should be considered when the total feeding period is of sufficient length 
to receive benefits from the reimplant yet abide by required withdrawal periods . 
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A SYSTEM OF PREDICTING THE FEEDLOT PERFORMANCE 
OF GROWING .A..�P FINISHING CATTLE 
Danny G .  Fox , Department of Animal Science , Cornell Univers ity ; 
J .  Roy Black , Department of Agricultural Economics , Michigan State University 
and Gerry L .  Kuhl , Department of Animal Science , South Dakota State University 
Introduction 
Prof itable cattle feeding requires the use of s ound feed principles , 
astute day-to-day management and a close estimation of costs and expected 
returns . The central key to this goal is an accurate prediction of actual 
cattle performance under a given set of conditions . Cattlemen and researchers 
have long recognized that there are many biological and environmental factors 
which have a substantial impact on feedlot performance . The obj ective of this 
p aper is to describe a mathematical system, based upon an extensive summary of 
North American studies , which will account for these important variables through 
the use of appropriate adj ustment factors so that payweight to payweight feedlot 
performance can be accurately predicted under a variety of midwest field 
conditions . 
The California Net Energy System ( CNES )  is used as the starting point and 
foundation for feedlot proj ection .  
The CNES has become the mos t  widely used energy system for ration formula­
tion and gain projection of feedlot cattle in the United States , including its 
use as the base for N . R. C .  requirements (Lofgreen and Garrett , 1968) . While 
investigators have questioned certain aspects of the system ' s conceptual basis 
( e . g . , Kromann , 1 973a ;  Knox and Handley , 1 9 73 ; Moe and Tyrrell , 1973) , its 
predictive capability appears to be superior to other systems when evaluated 
across a wide range of situations . 
The CNES framework needs further generalization s ince it was developed 
using average frame size British breed cattle receiving a growth stimulant and 
fed in a thermal neutral environment . The obj ective of this paper is to 
generalize the CNES by using suitab le adjustment factors to take into account 
alternative frame sizes , breeds , sexes and ages , varied body conditions due to 
previous nutritional treatment , the use of various growth stimulants and feed 
additives , the associative effects of feedstuffs and various environments . •  
The physiological · effects of these factors are estimated using results from a 
variety of experiments . Dry matter intake equations are described , as are 
equations to predict quality and yield grades . 
California Net Energy System 
It is useful , prior to generalizing the CNES , to review its basic 
properties . The net energy requirement for maintenance is estimated as 
( 1 )  N� = . 07 7W · 75 
The authors have benefited from the conceptual suggestions and computational 
ass istance of Roger Crickenberger , Department of Animal Science , North Carolina 
State University . 
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where NE� is  expressed in Meal/day and W denotes the empty body weight in 
kilograms . The net energy requirement for gain is estimated for steers as 
( 2 )  NEr = ( . 05272G + . 00684G2) (w . 75 ) g 
and for heifers as 
(3 )  NEr = ( . 05603G + . 0 1265G2 ) (w . 75 ) g 
where NEg is expressed in Meal/day and G (gain) is measured in kg/day . Alterna­
tively , given the net energy available for gain (NEFG) and weight , equations 2 and 
3 can be solved to  proJect daily gain . For steers 
(4) G = /. 002779  + ( . 02 736)  (NEFG/W· 75 ) - . 05272  
. 0 1 368 
and for heifers 
(5 )  G = /. 003139 + ( . 0506) (NEFG/w· 75 ) - . 05603 
. 0253  
The gain prediction model can be completed with the addition of an equation 
which will predict daily dry matter intake . We have 
(6)  FFM = N�/N� , 
( 7 )  FFG = DMI - FFM, and 
(8)  NEFG = (FFG) (NEg) 
where FFM is the feed required for maintenance , kg/day , FFG is the feed available 
for gain , kg/day , DMI is the daily dry matter intake , kg/day , NEFG is the net 
energy for gain , MCa1/day , NE� is the net energy value of the ration for 
maintenance , Meal/kg feed and NE� is  the net energy value of the ration for gain , 
Meal/kg feed . All values are on a dry matter basis . 
A Generalization 
The parameters used in this generalization were assembled on a component 
by component basis from specialized studies , literature reviews and on-going 
research . The model is described below,  followed by sections - describing the 
parameter estimates . 
The net energy/kg of feedstuff for maintenance is 
(9) N� = (COND) (FA) (NEm) 
and for gain 
( 10 )  NEg = (COND) (FA) (NEg) 
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where NEm. is the net energy value of �eed for maintenance , Meal/kg feed , NE is 
the net energy value of feed for gain , Meal/kg feed , COND is an adj ustment �actor 
for previous nutritional treatment and FA is an adj ustment factor for the use of 
antibiotics and/or Rumensin .  The NEm and NEg values are also adj usted for 
associative effects . 
The requirements component includes , for maintenance 
( 1 1 ) N� = (ENV) (BREED) ( . 07 7 )  (w . 75 ) ,  
for gain proj ections of steers , 
( 1 2 )  G = I. 002 7 79 + ( .  02736)  [ (NEFG) I (BREED) WE · 75 ] - • 052 72 
. 0 1 368 
and for gain proj ections of heifers , 
( 1 3 )  G = J. 003 139 + ( . 0506) [ (NEFG) I (BREED) WE · 7 5 J - . 05603 
. 0253 
where ENV is an adj ustment factor based upon environmental conditions , BREED is 
an adj ustment factor for Holsteins relative to British and British x exotic 
crosses and WE is an adj usted (equivalent) weight , measured in kilograms , for 
frame s ize and the use of growth stimulants .  
Nutrient Requirement Adjustments 
Frame Size 
The maintenance requirement (equation 1 1 )  is a function of actual body 
weight , while the gain requirement is a function of the proportion of fat and 
protein in the tissue gain. The latter is influenced by the frame size of the 
animal and the use of growth stimulants .  For example , the net energy required 
per pound gain is -lower at a particular weight for s teers which will grade low 
choice at 1320 lb . than for ones which will reach that grade at 880 p ounds . 
Our estimate of the NE� per lb . gain for an 880- lb . , small framed s teer gaining 
2 . 2  lb . per day is 2 . _86 Meal ; it is 2 . 13 Meal for an 880-lb . , large framed 
steer . Alternatively , the question may be asked , "At what weight do animals 
of various frame sizes have the same net energy requirement per pound of gain?" 
Our generalization is based upon the assump tion that steers with the same empty 
body chemical composition in terms of percent fat and protein will have the 
same net energy requirement per pound of gain.  
Table 1 ,  based on work by Reid ( 1 9 74) , Ayala ( 19 74 )  and Simpfendorfer 
( 1 9 74) , gives an estimate of the weights at which animals of alternative frame 
s izes have equivalent percentages of protein and fat . If a steer differs from 
average frame , the weight at which an average framed steer is equivalent in 
body composition to him is used in gain proj ections (equation 12 ) . For example ,  
a 900-lb . steer would be used in the gain proj ection equation for a 720-lb . , 
small framed steer and for a 1080-lb . , large framed steer . Garrett (19 76a) 
has suggested a similar procedure . 
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Table 1 .  Estimated Weights for Animals of Alternative Frame Sizes at 
Which the Proportion of Body Fat and Protein Are Similara 
Shrunk Weight , Lb . 
Steers 
Small frame 400 480 560 640 720 800 880 960 1040 1 12 0  
Average frame 500 600 700 800 900 1000 1 100 1 200 1 300 1400 
Large frame 600 720 840 960 1080 1 200 1 320 1440 1560 1 680 
Heifers 
Small frame 330 390 460 530  590 660 720 790 860 925 
Average frame 400 480 560 640 720 800 880 960 1040 1 120  
Large frame 470 5 60 660 750 840 940 1030 1 130 1220 1 3 15 
Chemical Composition ,  Percent of Empty Body Weight 
Fatb 1 4 . 9 1 7 . 2  1 9 . 5  2 1 . 8  24 . 2  26 . 5  28 . 8  3 1 . 1  33 . 3  35 . 6  
Proteinb 19 . 5  1 9 . 1 1 8 . 6 1 8 . 1 1 7 . 6  1 7 . 1  16 . 5  16 . 0  15 . 4  14 . 9  
a Small , average and large frame steers reach a fatness of low choice , 
yield 3 . 0 ,  in the weight range of 800- 880 , 1000- 1 100 and 1 200- 1320 , respec­
tively . The weights for heifers are 660-720 , 800-880 and 940- 1000 , respec­
tively . 
b Fat and protein in the empty body were adapted from Fat = - . 6 1  + . 037  EBG 
+ . 000504 EBW2 and Protein = -2 . 4 18  + . 235 EBW - . 00013  EBW2 , respectively 
(Reid , 1 9 7 4 ;  Simpfendorfer , 1974) . EBW, empty body weight , fat and protein 
are measured in kilograms . Empty body weight typically ranges from 90% of 
shrunk weight at 500 lb . to 94% at 1050 lb . f or an average framed s teer (Fox , 
1968 ; Simpfendorfer , 1 97 4 ;  Jesse et al . , 1 9 76 ) . 
"The (net energy for gain) requirements • • .  can be adj usted 
for particular groups of cattle if experience indicates adj ustment 
is necessary . For example • . •  requirements for breeds maturing 
at heavier weights and some heavy short yearlings may be adj usted 
by multiplying (equation 2)  by • 92 or s ome other factor .' ' 
The results of the energetic model , when combined with a dry matter intake 
model based on equivalent weight , are consistent with data from several studies . 
It  predicts a 0 . 6  lb . per day difference in daily gain between large and small 
framed steers with similar feed requirements per pound of gain when feedlot 
cattle are carried from comparable starting to endpoints in terms of body 
composition . This is consistent with experimental data where cattle of 
different mature sizes were compared (Brungardt , 1 97 2 ;  Klosterman , 197 4 ;  
Crickenberger et al . ,  197 6 ;  Harpster e t  al . , 1 9 76 ) . 
Sex 
Frame siz� variation in heifers is treated in the same fashion as with 
steers , except that the heifer gain proj ection (equation 13)  is used . However , 
predicted heifer gains using the equivalent weight concept and the steer 
equation are within 2 to 4% of that predicted by the heifer equations . 
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Recent research suggests an adj u�tment for heifer "quality" may be needed . 
Klosterman and Parker ( 1976)  found that heifer and s teer herd mates were s imilar 
in feed efficiency when both were fed to the same body composition .  In contrast ,  
Harpster et al . ( 1976)  reported that the feed efficiency of heifers which were 
rej ected as herd replacements was 10% less than s teers when fed to a s imilar 
composition. Genetics is only part of the reason for culling ; other reasons for 
a lighter weaning weight include sickness , injury and poor nutrition leading 
to stunting . 
In preliminary work, an adjustment of . 84 has been used to arrive at an 
equivalent weight of bulls relative to s teers ; a bull is equivalent in body 
composition to a s teer weighing 84% as much . Garrett (19 76a) has suggested. the 
NEg requirement of bulls is 88% of the s teer requirement at the same weight . 
Breed 
Adjus tments in energetic efficiency were not made for alternative British 
breeds and for British x exotic crosses s ince research results suggest differ­
ences in postweaning feed efficiency are small when all are compared at the 
same stage of growth (Klosterman , 1974 ; U . S .M .A .R . C . , 1976 ; Crickenberger et al . ,  
1976 ; Harpster et al . , 1976) . An adj ustment is warranted for Holsteins . 
� � 
Studies of Holsteins vs British breed cattle (Garrett , 197 1 ;  Ayala , 19 7 4 ;  
Crickenberger et al . ,  1976)  suggest  that Holsteins are energetically less 
efficient , having ·a  larger maintenance requirement and requiring more net energy 
per pound gain when compared at equivalent body composition. Other feeding 
trials suggest  the feed efficiency of Holsteins and British cattle is similar 
when Holsteins are carried to the good quality grade (new grading system) vs 
choice for British cattle (e . g . , Henderson ,  1969) . This is consistent with 
poorer energetic efficiency , particularly when one takes into account that 
Holsteins probably have a larger daily dry matter intake when compared on an 
equivalent weight bas is . Our estimate of the breed effect multipliers is 
given in table 2 .  
British 
Exotic 
British 
Holstein 
Table 2 .  Estimated Impact of Breed on 
Net Energy Requirements 
Multiplier 
1 . 00 
1 . 00 
x exotic 1 . 00 
1 . 12 
Holstein x British 1 . 06 
68 
1 . 00 
1 . 00 
1 . 00 
1 . 12 
1 . 06 
- 6 -
Environment 
The CNES was developed within a thermal neutral environment . Thus , it is 
necessary to adjust for the wide variety of environments which exist  in 
North America where stress exists at least during part  of the year . A scale 
from 1 to  7 is used to adjust the maintenance requirement for environment , based 
on housing studies at midwestern experiment s tations (Hasbargen , 1 96 7 ; Henderson 
and Geasler , 1 968 ;  Henders on , 1969 ; Petritz , 197 2 ; Self , 197 2 , Smith and 
Hasbargen , 1975 , Pherson et al . , 1 9 7 7 ) . Typical values are given in table 3 ,  
with adj ustments reflecting impacts over longer periods of time , e . g . , 2 to 3 
months . 
Work needs to be extended t-0 include an evaluation of the impacts of heat 
increment to determine if there are any interactions between environment and 
feeding systems . Brokken ( 197 1 ) , Webster et al . ( 19 70) , Lofgreen ( 1 9 74) , Young 
( 1 976 )  and Paine ( 19 76 )  have conducted studieS-in this area . 
Scale 
value 
1 
5 
7 
Growth Stimulants 
Table 3 .  Estimated Impact of Environment on 
Net Energy Requirements 
Lot 
condition 
Outs ide lot with frequent deep mud 
Outside lot , well mounded , bedded 
during adverse weather 
No mud , shade , good ventilation , 
no chill stress 
Multiplier 
for NEi 
1 . 30 
1 . 10 
1 . 00 
Growth stimulants improve rate of gain and the conversion of feed into 
gain . Experimental data for the commonly used products are summarized in 
table 4 .  Mos t  comparisons are for cattle on feed the same length of time . 
The mode of action of growth stimulants is not clear ; apparently all are 
anabolic (Preston and Willis , 1974 ; Preston ,  1975) . The use of growth 
stimulants increases the weight at which the percent fat and protein in the 
empty body are similar to that of nontreated animals .  DES , for a given number 
of days on feed , gives the largest improvement in daily gain . DES and 
Synovex-S treated cattle tend to be less fat than cattle not receiving a 
growth stimulant . Other s timulants appear to give the same quality grade as 
nontreated animals after the same length of time on feed . Thus , cattle 
receiving growth stimulants need to be fed to heavier weights to  obtain the 
same carcass grade as cattle not receiving a growth stimulant , with DES-treated 
cattle being the heaviest . 
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Table 4 .  Impact of Growth Stimulants on Performance and Carcass Quality 
For Animals on Feed the Same Length of Time 
Sex 
Steers 
DES in finishing rations , oral 
(Burroughs et al . , 1959)  
DES in growing rations , oral 
(Burroughs et al . ,  1959)  
DES implanted 
(Burroughs et al . , 1959)  
DES (Preston and Willis , 1974)  
Ralgro ( Commercial Solvents 
Tech . Manual) 
Heifers 
DES in finishing rations 
(Burroughs et al . ,  1 959)  
DES in growing rations 
(Burroughs et al . ,  1959)  
DES (Preston and Willis , 1974)  
Ralgro ( Connnercial Solvents 
Tech . Manual) 
MGA (Tuco Products Co . Tech . 
Manual) 
MGA (Preston and Willis , 1974 )  
Percent 
improvement 
resulting 
from use of 
stimulant 
No . of Daily Feed/ 
comparisons gain gaina 
105 1 3 . 0 9 . 5  
58  1 1 . 8  9 .  1 
35 14 . 8  10 . 3 
9 3  15 . 0  8 . 5  
35 10 . 4  6 . 8  
9 1 1 .  7 1 1 .  3 
12  8 . 8  6 . 5  
34 1 1 . 0  7 . 0  
10 6 . 6  5 . 9  
2 1  1 1 .  2 7 . 6  
2 1  1 1 . 0  8 . 0  
Percent change 
in daily dry 
intake 
resulting from 
use of growth 
stimulant 
+2 . 2  
+1 . 6  
+3 . 0  
NR 
+3 . 0  
-0 . 9  
+1 . 8  
NR 
None 
+1 . 0  
NR 
Change in 
carcass . quality 
resulting 
from use of 
a growth 
stimulant 
Lower 
NRb 
Lower 
Lower 
No difference 
No difference 
NR 
NR 
No difference 
No difference 
NR 
a Improvement in feed/gain as a percent of feed/gain with nonuse of a growth stimulant . 
b Not reported in tables . However ,  the authors indicate in the narrative that there was no 
difference in a majority of the trials . 
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Our tentative estimates of the shrunk weights at which animals reach low 
choice (approximately 32% fat in the carcass) when DES , Soynovex-S or MGA are 
not used are , for steers , 
( 1 4a) 
for heifers , 
( 15 a) 
ch- final 
weight 
Ch- final 
weight 
= 
Initial 
weight 
Initial 
weight 
+ ( . 885 ) 
+ ( . 900) 
(Expected gain to ch- if treated) 
with DES or Synovex-S 
(Expected gain to Ch- if treated) 
with DES or MGA 
Alternatively , if Ralgro is the growth stimulant used , the estimated shrunk 
weights at which animals reach low choice when a growth stimulant is not used 
are , for s teers , 
( 1 4b)  
for heifers , 
( 15b) 
Ch- final 
weight 
Ch- final 
weight 
= 
Initial 
weight 
Initial 
weight 
+ ( . 905 ) 
+ ( . 934)  
(Expected gain to Ch- if treated) 
with Ralgro 
( Expected gain to Ch- if treated) 
with Ralgro 
A detailed literature review of individual studies (particularly direct 
comparisons across  growth stimulants )  is needed to test the validity of these 
estimates and , if necessary , suggest revisions . Research toward this end has 
been summarized by Embry ( 1 972 ) . 
The following partitioning of the impacts of growth stimulants is suggested 
based upon the experimental comparisons (table 4) of Preston ' s survey ( 1975 ) , 
Madamba ' s  study ( 1965)  of the impact of DES at  various slaughter weights and the 
net energy studies of Fowler et al . ( 1 970 )  and Burroughs et al . ( 1970 ) . The 
efficiency of energy utilization is taken to be independent of the use of growth 
stimulants .  
Change in Compos ition of Gain . DES-treated cattle are estimated to  deposit 
2 1 %  more protein and 1 1% more fat per day than nontreated animals . Energy 
deposited per pound of gain is reduced , resulting in a 4 . 6% lower energy 
requirement per pound of gain .  The CNES energy requirements are based upon 
the use of a growth stimulant . Thus , the net energy requirement for gain of a 
steer not receiving DES or Synovex-S are similar to those of a treated animal 
that is 18% heavier . Using Ralgro as a comparison ,  the requirements for non­
treated steers are similar to those of a treated steer that is 12% heavier . 
For heifers , a 1 3% adj ustment for nontreated animals is used when DES or MGA 
is used as a reference point ; an 8 . 5% f actor is used for Ralgro . 
Feed Intake . Research data indicate that absolute feed intake is increased 
slightly when a growth stimulant is used . However , when the data are adj usted 
to ref lect the fact that treated animals are carried to heavier weights in 
comparisons where all animals are on feed the same length of time , DM/w . 75  
shows little or no  increase .  
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Feedstuff Nutrient Value Adjustments 
Digestive Stimulants 
Based upon a review of the literature (Burroughs et al . , 1959 ; Bertrand , 
1968 ; Preston and Willis , 19 74) "multipliers" were estimated to adjust for the 
influence of antibiotics on feed utilization ( table 5 ) . The values were estimated 
by working · backward to find the NEm and NEg values which would have had to 
exist in order to generate the daily gains and feed efficiencies reported in 
feeding trials . The calculations are based upon the assumption that the 
p ercentage impacts are equal on NEm and NEg . 
As new products become available , multipliers to adj ust for their impact must 
be added to the model .  For example , calculations sugges t  that the NE� and NEg 
multipliers for RumensinR fed at the rate of 30 grams per ton of air-dry feed 
ought to be 1 . 08 to 1 . 10 ,  based upon the large numbers of experiments summarized 
by Elanco ( 19 76) , Embry ( 1976)  and Goodrich et al . ( 1976) . Garrett ( 1976b)  
estimated the ration net energy values of corn and barley diets that included 
Rumens in ,  obtaining an NEg multiplier of 1 . 0 8 .  However , no impact on N� was 
found . 
Our multiplier development s trategy begins by using bas ic research such as 
Garrett ' s  ( 19 76b) as an apportionment guide for incorporating data from s tudies 
where less detailed work was done . However , in the case of Rumensin ,  if the 
NEg is adj usted without simultaneously adjusting the N� , it follows that rations 
which have a larger component going to maintenance should show smaller improve­
ments in energetic efficiency . The studies summarized by Elanco ( 1976 ) , however , 
indicate that the impact of Rumensin on energetic efficiency is probably 
comparab le across rations . Thus , we have tentatively assumed that Rumensin has 
the same percentage impact on both NE� and NEg . 
Table 5 .  Estimated Impact of Feed Additives on 
Feedstuff Nutrient Values 
Feed additive 
Without Rumens in 
Without growth stimulants 
Without antibiotics 
With antibiotics 
With growth stimulant 
Without antibiotics 
With antibiotics 
With Rumensin 
Without growth stimulants 
With growth stimulants 
72  
1 . 000 
1 . 040 
1 . 000 
1 . 030 
1 .  l lO 
1 . 100 
Multiplier 
1 . 000 
1 . 040 
1 . 000 
1 . 030 
1 .  l lO 
1 . 100 
- 10  -
Associative Effects (Interactional) on Feedstuff Energy Values 
Investigators have long known that the energy values of feedstuffs are 
influenced by the feeds ' proportion in the ration ( Swif t and French , 1954 ; 
Kromann , 1973a ,b) . But , an important question is , "Are the impacts of the 
associative effects large enough to require explicit consideration in gain 
proj ection and ration formulation models ?" Several investigators have 
examined this question (Lofgreen and Otagaki , 1 960 ; Kromann and Ray , 1967 ; 
Asplund and Harris , 1 97 1 ;  Vance et al . ,  1 9 72 ; Byers et al . ,  1 9 75a ,b ; Lofgreen 
and Adams , 1975 ; Gill et al . ,  1976)�nd have clearly�emonstrated that 
associative effects are s ignificant . Kromann and Ray ( 1 96 7 ) , for example , found 
a 25% reduction in alfalfa hay ' s NEm+g as it was reduced from 100% to 25%  of the 
ration in an alfalfa-mile diet . Conversely , milo ' s  energy value increased as 
its percentage in the ration increased . Vance et al . ( 1 9 7 2 )  investigated the 
impact of varying the proportion of corn silage--On�he energy values of corn and 
corn silage . The corn silage NEg decreased over 50% between the high silage and 
high grain ration . Byers et al . ( 1 975a ,b )  observed similar patterns as they 
varied the diet from 100% corn grain to 100% corn plant forage . 
If associative effects are important , the energy values of feedstuffs 
ought to be higher when fed by themselves than when fed in a mixed ration . For 
example , a two-phase system where corn s ilage is fed first  followed by an 80 to  
90%  concentrate finishing ration should be more efficient than a mixed ration 
that is 40 to  50% concentrate . Dexheimer et al . ( 1 9 7 1 )  and Newland et al . 
( 1 975 )  found that two-phase feeding systemS-for corn-com silage rationS-improved 
feed conve�sion by 5 t o  10% without materially influencing daily gain . Our 
simulation work (Fox and Black, 1975 )  using the model being described , where 
explicit account is taken of compensatory performance resulting from feeding 
an all-silage phase prior to feeding a high grain phase as well as associative 
effect s ,  agrees with the previous studies . Thus , when a wide range of feedstuff 
combinations is being considered , associative effects must  be taken into account 
in order to obtain accurate gain proj ections as well as correct economic 
valuation of feedstuffs . 
Application of the present model corresponds well with the work of Goodrich 
et al . ( 1 974)  in which they studied the impact of the level of corn silage in 
the ration on the performance of steer calves based on research at 1 7  midwest 
experiment stations . The Goodrich data were "corrected" for errors in dry 
matter determination based on procedures implied by Clancy et al . ( 1 975 ) , Fox 
and Fenderson ( 19 76 ) , Goodrich and Meiske ( 19 7 1 )  and Jones and--r:-arsen ( 1974) . 
Previous Nutritional Treatment 
The nutritional regime an animal has experienced prior t o  being placed 
in the feedlot has a substantial impact on the efficiency of energy utilization . 
On the basis of a review of the literature by Fox ( 1 970 )  and ,  particularly , a 
detailed study by Fox et al . ( 1 972 ) , a continuous multiplier scale ranging 
from 1 to 9 was devised based upon body composition and previous rate of gain at 
the time the animal was placed on feed . Typical values are depicted in 
table 6 .  The NEro multiplier differs from that of the NEg . While the biological 
basis for this is not clearly understood , possible explanations are discussed 
by Fox ( 1970) . 
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Introduction 
Prof itable cattle feeding requires the use of s ound feed principles , 
astute day-to-day management and a close estimation of costs and expected 
returns . The central key to this goal is an accurate prediction of actual 
cattle performance under a given set of conditions . Cattlemen and researchers 
have long recognized that there are many biological and environmental factors 
which have a substantial impact on feedlot performance . The obj ective of this 
p aper is to describe a mathematical system, based upon an extensive summary of 
North American studies , which will account for these important variables through 
the use of appropriate adj ustment factors so that payweight to payweight feedlot 
performance can be accurately predicted under a variety of midwest field 
conditions . 
The California Net Energy System ( CNES )  is used as the starting point and 
foundation for feedlot proj ection .  
The CNES has become the mos t  widely used energy system for ration formula­
tion and gain projection of feedlot cattle in the United States , including its 
use as the base for N . R. C .  requirements (Lofgreen and Garrett , 1968) . While 
investigators have questioned certain aspects of the system ' s conceptual basis 
( e . g . , Kromann , 1 973a ;  Knox and Handley , 1 9 73 ; Moe and Tyrrell , 1973) , its 
predictive capability appears to be superior to other systems when evaluated 
across a wide range of situations . 
The CNES framework needs further generalization s ince it was developed 
using average frame size British breed cattle receiving a growth stimulant and 
fed in a thermal neutral environment . The obj ective of this paper is to 
generalize the CNES by using suitab le adjustment factors to take into account 
alternative frame sizes , breeds , sexes and ages , varied body conditions due to 
previous nutritional treatment , the use of various growth stimulants and feed 
additives , the associative effects of feedstuffs and various environments . •  
The physiological · effects of these factors are estimated using results from a 
variety of experiments . Dry matter intake equations are described , as are 
equations to predict quality and yield grades . 
California Net Energy System 
It is useful , prior to generalizing the CNES , to review its basic 
properties . The net energy requirement for maintenance is estimated as 
( 1 )  N� = . 07 7W · 75 
The authors have benefited from the conceptual suggestions and computational 
ass istance of Roger Crickenberger , Department of Animal Science , North Carolina 
State University . 
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where NE� is  expressed in Meal/day and W denotes the empty body weight in 
kilograms . The net energy requirement for gain is estimated for steers as 
( 2 )  NEr = ( . 05272G + . 00684G2) (w . 75 ) g 
and for heifers as 
(3 )  NEr = ( . 05603G + . 0 1265G2 ) (w . 75 ) g 
where NEg is expressed in Meal/day and G (gain) is measured in kg/day . Alterna­
tively , given the net energy available for gain (NEFG) and weight , equations 2 and 
3 can be solved to  proJect daily gain . For steers 
(4) G = /. 002779  + ( . 02 736)  (NEFG/W· 75 ) - . 05272  
. 0 1 368 
and for heifers 
(5 )  G = /. 003139 + ( . 0506) (NEFG/w· 75 ) - . 05603 
. 0253  
The gain prediction model can be completed with the addition of an equation 
which will predict daily dry matter intake . We have 
(6)  FFM = N�/N� , 
( 7 )  FFG = DMI - FFM, and 
(8)  NEFG = (FFG) (NEg) 
where FFM is the feed required for maintenance , kg/day , FFG is the feed available 
for gain , kg/day , DMI is the daily dry matter intake , kg/day , NEFG is the net 
energy for gain , MCa1/day , NE� is the net energy value of the ration for 
maintenance , Meal/kg feed and NE� is  the net energy value of the ration for gain , 
Meal/kg feed . All values are on a dry matter basis . 
A Generalization 
The parameters used in this generalization were assembled on a component 
by component basis from specialized studies , literature reviews and on-going 
research . The model is described below,  followed by sections - describing the 
parameter estimates . 
The net energy/kg of feedstuff for maintenance is 
(9) N� = (COND) (FA) (NEm) 
and for gain 
( 10 )  NEg = (COND) (FA) (NEg) 
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where NEm. is the net energy value of �eed for maintenance , Meal/kg feed , NE is 
the net energy value of feed for gain , Meal/kg feed , COND is an adj ustment �actor 
for previous nutritional treatment and FA is an adj ustment factor for the use of 
antibiotics and/or Rumensin .  The NEm and NEg values are also adj usted for 
associative effects . 
The requirements component includes , for maintenance 
( 1 1 ) N� = (ENV) (BREED) ( . 07 7 )  (w . 75 ) ,  
for gain proj ections of steers , 
( 1 2 )  G = I. 002 7 79 + ( .  02736)  [ (NEFG) I (BREED) WE · 75 ] - • 052 72 
. 0 1 368 
and for gain proj ections of heifers , 
( 1 3 )  G = J. 003 139 + ( . 0506) [ (NEFG) I (BREED) WE · 7 5 J - . 05603 
. 0253 
where ENV is an adj ustment factor based upon environmental conditions , BREED is 
an adj ustment factor for Holsteins relative to British and British x exotic 
crosses and WE is an adj usted (equivalent) weight , measured in kilograms , for 
frame s ize and the use of growth stimulants .  
Nutrient Requirement Adjustments 
Frame Size 
The maintenance requirement (equation 1 1 )  is a function of actual body 
weight , while the gain requirement is a function of the proportion of fat and 
protein in the tissue gain. The latter is influenced by the frame size of the 
animal and the use of growth stimulants .  For example , the net energy required 
per pound gain is -lower at a particular weight for s teers which will grade low 
choice at 1320 lb . than for ones which will reach that grade at 880 p ounds . 
Our estimate of the NE� per lb . gain for an 880- lb . , small framed s teer gaining 
2 . 2  lb . per day is 2 . _86 Meal ; it is 2 . 13 Meal for an 880-lb . , large framed 
steer . Alternatively , the question may be asked , "At what weight do animals 
of various frame sizes have the same net energy requirement per pound of gain?" 
Our generalization is based upon the assump tion that steers with the same empty 
body chemical composition in terms of percent fat and protein will have the 
same net energy requirement per pound of gain.  
Table 1 ,  based on work by Reid ( 1 9 74) , Ayala ( 19 74 )  and Simpfendorfer 
( 1 9 74) , gives an estimate of the weights at which animals of alternative frame 
s izes have equivalent percentages of protein and fat . If a steer differs from 
average frame , the weight at which an average framed steer is equivalent in 
body composition to him is used in gain proj ections (equation 12 ) . For example ,  
a 900-lb . steer would be used in the gain proj ection equation for a 720-lb . , 
small framed steer and for a 1080-lb . , large framed steer . Garrett (19 76a) 
has suggested a similar procedure . 
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Table 1 .  Estimated Weights for Animals of Alternative Frame Sizes at 
Which the Proportion of Body Fat and Protein Are Similara 
Shrunk Weight , Lb . 
Steers 
Small frame 400 480 560 640 720 800 880 960 1040 1 12 0  
Average frame 500 600 700 800 900 1000 1 100 1 200 1 300 1400 
Large frame 600 720 840 960 1080 1 200 1 320 1440 1560 1 680 
Heifers 
Small frame 330 390 460 530  590 660 720 790 860 925 
Average frame 400 480 560 640 720 800 880 960 1040 1 120  
Large frame 470 5 60 660 750 840 940 1030 1 130 1220 1 3 15 
Chemical Composition ,  Percent of Empty Body Weight 
Fatb 1 4 . 9 1 7 . 2  1 9 . 5  2 1 . 8  24 . 2  26 . 5  28 . 8  3 1 . 1  33 . 3  35 . 6  
Proteinb 19 . 5  1 9 . 1 1 8 . 6 1 8 . 1 1 7 . 6  1 7 . 1  16 . 5  16 . 0  15 . 4  14 . 9  
a Small , average and large frame steers reach a fatness of low choice , 
yield 3 . 0 ,  in the weight range of 800- 880 , 1000- 1 100 and 1 200- 1320 , respec­
tively . The weights for heifers are 660-720 , 800-880 and 940- 1000 , respec­
tively . 
b Fat and protein in the empty body were adapted from Fat = - . 6 1  + . 037  EBG 
+ . 000504 EBW2 and Protein = -2 . 4 18  + . 235 EBW - . 00013  EBW2 , respectively 
(Reid , 1 9 7 4 ;  Simpfendorfer , 1974) . EBW, empty body weight , fat and protein 
are measured in kilograms . Empty body weight typically ranges from 90% of 
shrunk weight at 500 lb . to 94% at 1050 lb . f or an average framed s teer (Fox , 
1968 ; Simpfendorfer , 1 97 4 ;  Jesse et al . , 1 9 76 ) . 
"The (net energy for gain) requirements • • .  can be adj usted 
for particular groups of cattle if experience indicates adj ustment 
is necessary . For example • . •  requirements for breeds maturing 
at heavier weights and some heavy short yearlings may be adj usted 
by multiplying (equation 2)  by • 92 or s ome other factor .' ' 
The results of the energetic model , when combined with a dry matter intake 
model based on equivalent weight , are consistent with data from several studies . 
It  predicts a 0 . 6  lb . per day difference in daily gain between large and small 
framed steers with similar feed requirements per pound of gain when feedlot 
cattle are carried from comparable starting to endpoints in terms of body 
composition . This is consistent with experimental data where cattle of 
different mature sizes were compared (Brungardt , 1 97 2 ;  Klosterman , 197 4 ;  
Crickenberger et al . ,  197 6 ;  Harpster e t  al . , 1 9 76 ) . 
Sex 
Frame siz� variation in heifers is treated in the same fashion as with 
steers , except that the heifer gain proj ection (equation 13)  is used . However , 
predicted heifer gains using the equivalent weight concept and the steer 
equation are within 2 to 4% of that predicted by the heifer equations . 
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Recent research suggests an adj u�tment for heifer "quality" may be needed . 
Klosterman and Parker ( 1976)  found that heifer and s teer herd mates were s imilar 
in feed efficiency when both were fed to the same body composition .  In contrast ,  
Harpster et al . ( 1976)  reported that the feed efficiency of heifers which were 
rej ected as herd replacements was 10% less than s teers when fed to a s imilar 
composition. Genetics is only part of the reason for culling ; other reasons for 
a lighter weaning weight include sickness , injury and poor nutrition leading 
to stunting . 
In preliminary work, an adjustment of . 84 has been used to arrive at an 
equivalent weight of bulls relative to s teers ; a bull is equivalent in body 
composition to a s teer weighing 84% as much . Garrett (19 76a) has suggested. the 
NEg requirement of bulls is 88% of the s teer requirement at the same weight . 
Breed 
Adjus tments in energetic efficiency were not made for alternative British 
breeds and for British x exotic crosses s ince research results suggest differ­
ences in postweaning feed efficiency are small when all are compared at the 
same stage of growth (Klosterman , 1974 ; U . S .M .A .R . C . , 1976 ; Crickenberger et al . ,  
1976 ; Harpster et al . , 1976) . An adj ustment is warranted for Holsteins . 
� � 
Studies of Holsteins vs British breed cattle (Garrett , 197 1 ;  Ayala , 19 7 4 ;  
Crickenberger et al . ,  1976)  suggest  that Holsteins are energetically less 
efficient , having ·a  larger maintenance requirement and requiring more net energy 
per pound gain when compared at equivalent body composition. Other feeding 
trials suggest  the feed efficiency of Holsteins and British cattle is similar 
when Holsteins are carried to the good quality grade (new grading system) vs 
choice for British cattle (e . g . , Henderson ,  1969) . This is consistent with 
poorer energetic efficiency , particularly when one takes into account that 
Holsteins probably have a larger daily dry matter intake when compared on an 
equivalent weight bas is . Our estimate of the breed effect multipliers is 
given in table 2 .  
British 
Exotic 
British 
Holstein 
Table 2 .  Estimated Impact of Breed on 
Net Energy Requirements 
Multiplier 
1 . 00 
1 . 00 
x exotic 1 . 00 
1 . 12 
Holstein x British 1 . 06 
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Environment 
The CNES was developed within a thermal neutral environment . Thus , it is 
necessary to adjust for the wide variety of environments which exist  in 
North America where stress exists at least during part  of the year . A scale 
from 1 to  7 is used to adjust the maintenance requirement for environment , based 
on housing studies at midwestern experiment s tations (Hasbargen , 1 96 7 ; Henderson 
and Geasler , 1 968 ;  Henders on , 1969 ; Petritz , 197 2 ; Self , 197 2 , Smith and 
Hasbargen , 1975 , Pherson et al . , 1 9 7 7 ) . Typical values are given in table 3 ,  
with adj ustments reflecting impacts over longer periods of time , e . g . , 2 to 3 
months . 
Work needs to be extended t-0 include an evaluation of the impacts of heat 
increment to determine if there are any interactions between environment and 
feeding systems . Brokken ( 197 1 ) , Webster et al . ( 19 70) , Lofgreen ( 1 9 74) , Young 
( 1 976 )  and Paine ( 19 76 )  have conducted studieS-in this area . 
Scale 
value 
1 
5 
7 
Growth Stimulants 
Table 3 .  Estimated Impact of Environment on 
Net Energy Requirements 
Lot 
condition 
Outs ide lot with frequent deep mud 
Outside lot , well mounded , bedded 
during adverse weather 
No mud , shade , good ventilation , 
no chill stress 
Multiplier 
for NEi 
1 . 30 
1 . 10 
1 . 00 
Growth stimulants improve rate of gain and the conversion of feed into 
gain . Experimental data for the commonly used products are summarized in 
table 4 .  Mos t  comparisons are for cattle on feed the same length of time . 
The mode of action of growth stimulants is not clear ; apparently all are 
anabolic (Preston and Willis , 1974 ; Preston ,  1975) . The use of growth 
stimulants increases the weight at which the percent fat and protein in the 
empty body are similar to that of nontreated animals .  DES , for a given number 
of days on feed , gives the largest improvement in daily gain . DES and 
Synovex-S treated cattle tend to be less fat than cattle not receiving a 
growth stimulant . Other s timulants appear to give the same quality grade as 
nontreated animals after the same length of time on feed . Thus , cattle 
receiving growth stimulants need to be fed to heavier weights to  obtain the 
same carcass grade as cattle not receiving a growth stimulant , with DES-treated 
cattle being the heaviest . 
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Table 4 .  Impact of Growth Stimulants on Performance and Carcass Quality 
For Animals on Feed the Same Length of Time 
Sex 
Steers 
DES in finishing rations , oral 
(Burroughs et al . , 1959)  
DES in growing rations , oral 
(Burroughs et al . ,  1959)  
DES implanted 
(Burroughs et al . , 1959)  
DES (Preston and Willis , 1974)  
Ralgro ( Commercial Solvents 
Tech . Manual) 
Heifers 
DES in finishing rations 
(Burroughs et al . ,  1 959)  
DES in growing rations 
(Burroughs et al . ,  1959)  
DES (Preston and Willis , 1974)  
Ralgro ( Connnercial Solvents 
Tech . Manual) 
MGA (Tuco Products Co . Tech . 
Manual) 
MGA (Preston and Willis , 1974 )  
Percent 
improvement 
resulting 
from use of 
stimulant 
No . of Daily Feed/ 
comparisons gain gaina 
105 1 3 . 0 9 . 5  
58  1 1 . 8  9 .  1 
35 14 . 8  10 . 3 
9 3  15 . 0  8 . 5  
35 10 . 4  6 . 8  
9 1 1 .  7 1 1 .  3 
12  8 . 8  6 . 5  
34 1 1 . 0  7 . 0  
10 6 . 6  5 . 9  
2 1  1 1 .  2 7 . 6  
2 1  1 1 . 0  8 . 0  
Percent change 
in daily dry 
intake 
resulting from 
use of growth 
stimulant 
+2 . 2  
+1 . 6  
+3 . 0  
NR 
+3 . 0  
-0 . 9  
+1 . 8  
NR 
None 
+1 . 0  
NR 
Change in 
carcass . quality 
resulting 
from use of 
a growth 
stimulant 
Lower 
NRb 
Lower 
Lower 
No difference 
No difference 
NR 
NR 
No difference 
No difference 
NR 
a Improvement in feed/gain as a percent of feed/gain with nonuse of a growth stimulant . 
b Not reported in tables . However ,  the authors indicate in the narrative that there was no 
difference in a majority of the trials . 
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Our tentative estimates of the shrunk weights at which animals reach low 
choice (approximately 32% fat in the carcass) when DES , Soynovex-S or MGA are 
not used are , for steers , 
( 1 4a) 
for heifers , 
( 15 a) 
ch- final 
weight 
Ch- final 
weight 
= 
Initial 
weight 
Initial 
weight 
+ ( . 885 ) 
+ ( . 900) 
(Expected gain to ch- if treated) 
with DES or Synovex-S 
(Expected gain to Ch- if treated) 
with DES or MGA 
Alternatively , if Ralgro is the growth stimulant used , the estimated shrunk 
weights at which animals reach low choice when a growth stimulant is not used 
are , for s teers , 
( 1 4b)  
for heifers , 
( 15b) 
Ch- final 
weight 
Ch- final 
weight 
= 
Initial 
weight 
Initial 
weight 
+ ( . 905 ) 
+ ( . 934)  
(Expected gain to Ch- if treated) 
with Ralgro 
( Expected gain to Ch- if treated) 
with Ralgro 
A detailed literature review of individual studies (particularly direct 
comparisons across  growth stimulants )  is needed to test the validity of these 
estimates and , if necessary , suggest revisions . Research toward this end has 
been summarized by Embry ( 1 972 ) . 
The following partitioning of the impacts of growth stimulants is suggested 
based upon the experimental comparisons (table 4) of Preston ' s survey ( 1975 ) , 
Madamba ' s  study ( 1965)  of the impact of DES at  various slaughter weights and the 
net energy studies of Fowler et al . ( 1 970 )  and Burroughs et al . ( 1970 ) . The 
efficiency of energy utilization is taken to be independent of the use of growth 
stimulants .  
Change in Compos ition of Gain . DES-treated cattle are estimated to  deposit 
2 1 %  more protein and 1 1% more fat per day than nontreated animals . Energy 
deposited per pound of gain is reduced , resulting in a 4 . 6% lower energy 
requirement per pound of gain .  The CNES energy requirements are based upon 
the use of a growth stimulant . Thus , the net energy requirement for gain of a 
steer not receiving DES or Synovex-S are similar to those of a treated animal 
that is 18% heavier . Using Ralgro as a comparison ,  the requirements for non­
treated steers are similar to those of a treated steer that is 12% heavier . 
For heifers , a 1 3% adj ustment for nontreated animals is used when DES or MGA 
is used as a reference point ; an 8 . 5% f actor is used for Ralgro . 
Feed Intake . Research data indicate that absolute feed intake is increased 
slightly when a growth stimulant is used . However , when the data are adj usted 
to ref lect the fact that treated animals are carried to heavier weights in 
comparisons where all animals are on feed the same length of time , DM/w . 75  
shows little or no  increase .  
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Feedstuff Nutrient Value Adjustments 
Digestive Stimulants 
Based upon a review of the literature (Burroughs et al . , 1959 ; Bertrand , 
1968 ; Preston and Willis , 19 74) "multipliers" were estimated to adjust for the 
influence of antibiotics on feed utilization ( table 5 ) . The values were estimated 
by working · backward to find the NEm and NEg values which would have had to 
exist in order to generate the daily gains and feed efficiencies reported in 
feeding trials . The calculations are based upon the assumption that the 
p ercentage impacts are equal on NEm and NEg . 
As new products become available , multipliers to adj ust for their impact must 
be added to the model .  For example , calculations sugges t  that the NE� and NEg 
multipliers for RumensinR fed at the rate of 30 grams per ton of air-dry feed 
ought to be 1 . 08 to 1 . 10 ,  based upon the large numbers of experiments summarized 
by Elanco ( 19 76) , Embry ( 1976)  and Goodrich et al . ( 1976) . Garrett ( 1976b)  
estimated the ration net energy values of corn and barley diets that included 
Rumens in ,  obtaining an NEg multiplier of 1 . 0 8 .  However , no impact on N� was 
found . 
Our multiplier development s trategy begins by using bas ic research such as 
Garrett ' s  ( 19 76b) as an apportionment guide for incorporating data from s tudies 
where less detailed work was done . However , in the case of Rumensin ,  if the 
NEg is adj usted without simultaneously adjusting the N� , it follows that rations 
which have a larger component going to maintenance should show smaller improve­
ments in energetic efficiency . The studies summarized by Elanco ( 1976 ) , however , 
indicate that the impact of Rumensin on energetic efficiency is probably 
comparab le across rations . Thus , we have tentatively assumed that Rumensin has 
the same percentage impact on both NE� and NEg . 
Table 5 .  Estimated Impact of Feed Additives on 
Feedstuff Nutrient Values 
Feed additive 
Without Rumens in 
Without growth stimulants 
Without antibiotics 
With antibiotics 
With growth stimulant 
Without antibiotics 
With antibiotics 
With Rumensin 
Without growth stimulants 
With growth stimulants 
72  
1 . 000 
1 . 040 
1 . 000 
1 . 030 
1 .  l lO 
1 . 100 
Multiplier 
1 . 000 
1 . 040 
1 . 000 
1 . 030 
1 .  l lO 
1 . 100 
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Associative Effects (Interactional) on Feedstuff Energy Values 
Investigators have long known that the energy values of feedstuffs are 
influenced by the feeds ' proportion in the ration ( Swif t and French , 1954 ; 
Kromann , 1973a ,b) . But , an important question is , "Are the impacts of the 
associative effects large enough to require explicit consideration in gain 
proj ection and ration formulation models ?" Several investigators have 
examined this question (Lofgreen and Otagaki , 1 960 ; Kromann and Ray , 1967 ; 
Asplund and Harris , 1 97 1 ;  Vance et al . ,  1 9 72 ; Byers et al . ,  1 9 75a ,b ; Lofgreen 
and Adams , 1975 ; Gill et al . ,  1976)�nd have clearly�emonstrated that 
associative effects are s ignificant . Kromann and Ray ( 1 96 7 ) , for example , found 
a 25% reduction in alfalfa hay ' s NEm+g as it was reduced from 100% to 25%  of the 
ration in an alfalfa-mile diet . Conversely , milo ' s  energy value increased as 
its percentage in the ration increased . Vance et al . ( 1 9 7 2 )  investigated the 
impact of varying the proportion of corn silage--On�he energy values of corn and 
corn silage . The corn silage NEg decreased over 50% between the high silage and 
high grain ration . Byers et al . ( 1 975a ,b )  observed similar patterns as they 
varied the diet from 100% corn grain to 100% corn plant forage . 
If associative effects are important , the energy values of feedstuffs 
ought to be higher when fed by themselves than when fed in a mixed ration . For 
example , a two-phase system where corn s ilage is fed first  followed by an 80 to  
90%  concentrate finishing ration should be more efficient than a mixed ration 
that is 40 to  50% concentrate . Dexheimer et al . ( 1 9 7 1 )  and Newland et al . 
( 1 975 )  found that two-phase feeding systemS-for corn-com silage rationS-improved 
feed conve�sion by 5 t o  10% without materially influencing daily gain . Our 
simulation work (Fox and Black, 1975 )  using the model being described , where 
explicit account is taken of compensatory performance resulting from feeding 
an all-silage phase prior to feeding a high grain phase as well as associative 
effect s ,  agrees with the previous studies . Thus , when a wide range of feedstuff 
combinations is being considered , associative effects must  be taken into account 
in order to obtain accurate gain proj ections as well as correct economic 
valuation of feedstuffs . 
Application of the present model corresponds well with the work of Goodrich 
et al . ( 1 974)  in which they studied the impact of the level of corn silage in 
the ration on the performance of steer calves based on research at 1 7  midwest 
experiment stations . The Goodrich data were "corrected" for errors in dry 
matter determination based on procedures implied by Clancy et al . ( 1 975 ) , Fox 
and Fenderson ( 19 76 ) , Goodrich and Meiske ( 19 7 1 )  and Jones and--r:-arsen ( 1974) . 
Previous Nutritional Treatment 
The nutritional regime an animal has experienced prior t o  being placed 
in the feedlot has a substantial impact on the efficiency of energy utilization . 
On the basis of a review of the literature by Fox ( 1 970 )  and ,  particularly , a 
detailed study by Fox et al . ( 1 972 ) , a continuous multiplier scale ranging 
from 1 to 9 was devised based upon body composition and previous rate of gain at 
the time the animal was placed on feed . Typical values are depicted in 
table 6 .  The NEro multiplier differs from that of the NEg . While the biological 
basis for this is not clearly understood , possible explanations are discussed 
by Fox ( 1970) . 
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value 
1 
2 
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Table 6 .  Estimated Impact of Previous Nutritional Treatment 
on Feedstuff Nutrient Values 
Previous 
rate of MultiElier 
Body gain , 
condition lb . /daya NEa m 
Very fleshy 2 . 3  0 . . 955 
Average 1 . 5  1 . 000 
Very thin . 7  1 . 045 
NEa g 
0 . 90 
l . QO 
1 . 10 
a Based upon an average frame steer calf . 
Daily Dry Matter Intake 
The dry matter intake component must be consistent with the energetic 
components of the model for accuracy in gain and feed conversion projection .  
Dry matter intake is influenced by a wide set of factors including age , weight 
frame size , breed , energy density of the ration , physical form and degree of 
fermentation (Balch and Campling , 1962 ; Baumgardt , 1969 ; Church , 197 1 ;  Jones , 
1 9 72 ; Simpfendorfer , 1974 ; Ayala , 1974) . 
Daily dry matter intake is assumed to be limited by high fiber content in 
rations ; but , as rations become less  fibrous , fiber no longer restricts intake . 
As the energy density increases further , a point is reached (probably between 
60 and 70% corn in corn-corn s ilage rations , DM basis ) at which chemostatic 
and themostatic controls take over . Daily energy intake and gain are approxi­
mately constant , while daily dry matter intake falls as the energy density is 
increased . Beyond approximately 90% concentrate , daily gain is depressed and 
daily dry matter intake falls even faster . 
Our basic dry matter intake equation is 
( . 100) (BREED) (AGE) (Wkg ·
75 ) for equivalent weights less than 800 lb . 
( . 095) (BREED) (AGE) (Wkg '
75 ) for an equivalent weight of 950 lb . 
DMI ( . 090) (BREED) (AGE) (Wkg ·
75 ) for an equivalent weight of 1050 lb . 
( . 090) (BREED) (AGE) (Weight equivalent to 1050)kg ·
75  for equivalent 
weights greater than 1050 lb . 
where DMI is daily dry matter intake , kg , 
for energy densities between where intake 
nor the energy concentration of the diet . 
given in table 7 .  
and Wkg is empty body weight , kg , 
is limited by neither the fibrousity 
The breed and age multipliers are 
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fable 7 .  Estimated Impact of Various Factors on 
Daily Dry Matter Intake 
Age 
Item 
Started on feed as calf 
Started on feed as yearling 
Started on feed as 2-year-old 
Breed 
British 
Exotic 
British x exotic 
Holstein 
Holstein x British 
Feed additivesa 
Without Rumensin 
Without growth stimulant 
Without antibiotic 
With antibiotic 
With growth stimulant 
Without antibiotic 
With antibiotic 
With Rumensin 
Without growth stimulant 
With growth stimulant 
Multiplier 
1 . 00 
1 . 10 
1 . 15 
1 . 00 
1 . 00 
1 . 00 
1 . 1 7 
1 . 09 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
. 9 1  
. 9 1  
a The assumptions refer to feedlot rations . 
Antibiotics have shown an impact on intake in some 
backgrounding rations for calves .  
Under conditions where energy concentration limits intake , the following 
equation holds : 
NE� = ( .  05272G + . 00684G2 ) (WE · 7 5 ) / (BREED) 
where G = maximum gain , FFG = NEr/NEg , FFM = N�/N� and DMI = FFM + FFG . 
Thus , dry matter intake for a • 6� NE ration is approximately 90  t.o 92% of that 
for a . 57 NEg ration . Garrett ( 1975Y , Brokken et al . ( 1 976)  and Carlson ( 1 9 76)  
have worked explicitly on integrating the impact of energy density of the ration 
into gain proj ection work. 
Daily dry matter intake is not adjusted upward for cattle placed on feed 
in "thin" condition. They may eat more when first placed in the feedlot , but 
intake over the entire finishing period does not appear to differ from that of 
cattle whose growth was not retarded (Fox , 1970) . Analysis of the finishing 
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phase of Oregon experiments (Ralston et al . ,  197 1 ) where steer calves had been 
fed backgrounding rations which gave daily gains ranging from . 03 to 2 . 4  lb . 
per day gave similar results . 
The daily dry matter intake component of the model' is a "first cut . " On 
the average , it conforms well with data examined to date , particularly for cattle 
started on feed as calves .  However ,  work is needed to investigate the impact 
of initial age :weight ratios (after appropriate adj ustments for frame size) and 
to examine , in detail , the structure of intake over the feeding period . The 
current component may be in error for weights in excess of low choices ;  intake 
probably declines once animals reach low choice rather than just  plateauing . 
Too , examination of yearling data from Oregon suggest that intake per unit of 
metabolic weight may be higher than we have suggested early in the feeding 
period but drops more rapidly . Current inves tigations focus on examining detailed 
period records for cattle of alternative frame s izes , breeds and initial ages 
and fed rations ranging from high corn s ilage to high corn grain . 
Carcass  Quality and Yield Grade Projection 
Car cass quality and yield grades measure attributes which are used in the 
prediction of eating qualities and , ultimately , retail demand . Too , the amount 
of fat which will be trimmed is related to the percent fat in the carcass (Fox 
and Black, 1975) . Analysts routinely calculate the estimated differences in dollar 
value among carcasses of various yield grades . 
Few data allow direct estimation of quality and yield grades on the basis 
of empty body weight . Es timates are available ( table 1) for empty body fat at 
a given empty body weight . Carcass fat can be estimated from empty body fat 
(e . g . , Garrett and Hinman , 1969)  and yield and quality grade can be estimated 
from carcass fat . Table 8 gives our estimates of the quality and yield grades 
associated with percentages of fat in the carcass . They are based on s tudies 
in which carcass characteristics and chemical composition were obtained from 
cattle slaughtered at various stages of growth (Madamba , 1965 ; Lofgreen and 
Garrett , 196 8 ;  Riley , 1969 ; Dockerty et al . , 1 9 7 2 ; Ayala , 1974 ; Simpfendorfer , 
19 74) . 
- -
The yield grade estimates are probably more accurate than those for 
quality grade . Yield grades are directly related to percent fat in the car cass . 
Quality grade , in addition , is a function of marbling score which is subject 
to variation in the distribution of fat within the carcass . 
Applications 
The framework described herein is a useful standard of comparison and 
provides a powerful format for summarizing our present knowledge of the factors 
influencing the performance of growing and finishing cattle . As such , it 
provides a computational framework which may be us.ed in working with cattle 
feeders to assess the efficacy of the many alternative cattle feeding 
strategies and management systems available . Furthermore , the use of a sound , 
systematic approach to cattle feeding experimentation is an important research 
tool which can alert us to areas which require further investigation and to 
suggest promising areas of new research which will ultimately benefit the 
cattle feeder .  
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Empty body , 
% fat 
25 . 6  
26 . 9  
2 8 . l 
29 . 3 
30 . 6  
3 1 . 8  
33 . 0  
34 . 2  
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Table 8 .  Estimated Carcass Quality and Yield Grades 
Carcass ,  Qualit� 
% f ata grade 
2 8 . 5  Gd+ 
29 . 8  Gd+ 
3 1 .  2 Gd+ 
32 . 5  Ch-
33 . 8  �Ch-
35 . 2  .'.::Ch-
36 . 5  .'.::Ch-
3 7 . 8  �Ch-
Yield 
gradec 
2 . 2  
2 . 5  
2 . 8  
3 . 1 
3 . 4  
3 . 7 
4 . 0  
4 . 3 
a The estimated relationship between percent fat in the carcass ( CF) and 
percent fat in the empty body (EBF) is CF = . 7  + 1 . 08 15  EBF ;  R2 = . 9 8 and 
& = . 5  (Garrett and Hinman , 1969) . 
b The relationship between the percent fat in the carcass and quality grade 
(QG) was estimated from data assembled by Crickenberger et al . ( 1976 ) , Madamba 
( 1965)  and Riley ( 1969) . The estimated relationship is QG = 2 . 5  + . 23CF for 
3 8  � CF .:: 1 5  where Gd0 is 8 ;  Gd+ is  9 ;  Ch� is 10 • • •  The equation represents 
an average of the studies . The proportion of the variation in QG associated 
with CF ranged from 62 to 72% ; parameters were significant at P> . 0 1 .  There 
was no evidence of nonlinearity over the range studied.  Breeds included 
Angus , Hereford , Angus x Charolais and Angus x Hereford .  Breed differences 
were significant (P> . 0 1 ) , with Angus requiring less fat to reach a particular 
grade . 
c Estimated yield grade based upon data of Crickenberger et al . ( 1 976 )  is 
YG = - 1 . 7  + . 15CF for 40 � CF .:: 25  and of Riley ( 1 969)  RY = 86 . 35 - . 6662CF 
for 42 � CF � 1 3 ;  R2 = • 84 ; & = 2 .  2 ;  n = 1 2 1  where RY is re.tail yield . The 
estimates are significant at P> . 0 1 .  Preliminary s tatistical analyses of the 
Crickenberger et al . ( 1976)  data suggest breed differences in the relationship , 
at least in the intercept , when cattle of Holstein breeding are included .  
Typical uses include development of extension publications for use by 
cattle feeders and industry personnel , ration evaluation and formulation and 
performance simulation for individual cattle feeders ; determination of the 
best feeding system from a whole farm perspective ; and applied research in 
energetic and economic areas (e . g . , Black and Fox 1975) . The acceptance of 
these models by medium and larger sized cattle feeders has been encouraging . 
This role is expected to  become even more important in the future as cattle 
feeding operations become larger and as new information allows improved accuracy 
of predictions . A previous paper (Black and Fox , 1 9 76 )  describes the field 
application of these models . 
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Conclusions 
This paper has described a generalization of the California Net Energy 
System .  While many parameter values will be altered as knowledge becomes more 
comp lete , our obj ective has been to develop a framework which permits values to 
be updated as new information becomes available and as new technological 
breakthroughs are attained . Extensive experimental and field testing is 
necessary �nder South Dakota conditions . However , the generalizations and 
associated "multipliers" appear reasonable for most  situations . It is hoped 
other investigators will use this or a similar system to routinely check the 
accuracy of performance proj ections against experimental and farm trials 
and suggest revisions when warranted . 
78  
- 16  -
References 
Asplund , D .  G .  and L .  E .  Harris , 1 9 7 1 .  Associative effects on digestibility 
of energy and the utilization of nitrogen of sheep fed simplified rations . 
J .  Anim . Sci . 32 : 152 . 
Ayala , H .  1974 . Energy and protein utilization by  cattle as  related to breed , 
sex , level of intake and stage of growth . Ph . D .  Thesis , Cornell University . 
Balch , C .  C .  and R.  C .  Campling . 1962 . Regulation of voluntary food intake in 
ruminants . Nutr . Abstr . Rev . 32 : 669 . 
Baumgardt , B .  R.  1969 . Voluntary feed intake . In E .  Hafez and I .  Dyer (Ed . ) 
Animal Growth and Nutrition , Lea and Febiger . 
Bertrand , J .  E .  1968 . West  Florida Experiment Station Report 68-3 . 
Black , R.  and D .  G .  Fox . 1975 . Simulation of growing and finishing cattle . 
Michigan State University Telplan 56 . 
Black , R.  and D .  G .  Fox . 1 9 7 6 .  Field applications of  ration evaluation ,  
formulation and gain proj ection models . Mich . Agr . Exp . Sta . Rpt .  328 .  
Brokken , R. F .  
increment . 
1 97 1 .  Formulating beef rations with varying levels of  heat 
J .  Anim . Sci . 32 : 692 . 
Brokken , R. F . , T .  M.  Hammonds , D .  A.  Dinius and J .  Valpey . 1 9 7 6 .  Framework 
for economic analysis of  grain vs harvested roughage for feedlot cattle . 
Amer .  J .  Agr . Econ . 5 8 : 245 . 
Brungardt , V .  H .  1 972 . Efficiency and profit difference of . Angus , Charolais 
and Hereford cattle varying in size and growth . Wisc .  Agr . Exp . Sta . Res .  
Rpt .  R-2398 . 
Burroughs , W . , M . A.  Fowler and S .  A. Adeyanj u .  1 97 0 .  Net energy evaluation 
for beef cattle rations compared with evaluation by metabolizable energy 
measurements .  J .  Anim. Sci . 30 : 45 0 .  
Burroughs , W . , C .  E .  Summers , W .  Woods and W .  G .  Zmolek . 1959 . Feed additives 
in beef cattle rations . Iowa Agr .  Exp . Sta . Animal Husbandry Leaflet 805 . 
Byers , F .  M. , J .  D .  Matsushima and D .  E .  Johnson . 1 975a .  Application of the 
concept of associative effects of feeds to prediction of ingredient and 
diet energy values . Colo . Agr . Exp . Sta . Bul . , General Series 947 : 1 8 .  
Byers , F .  M. , J .  K .  Matsushima and D .  E .  Johnson . 19 75b . The significance of 
associative effects of feed on corn silage and corn grain energy values . 
Colo . Agr . Exp . Sta . Bul . , General Series 947 : 22 .  
Carlson , D .  E .  1 97 6 .  Least cost gain and proj ection : Development of the 
model . Calif . Agr . Exp . Sta . 1 3th Feeders Day Report . 
79  
- 1 7  -
Church , D .  C .  1 9 7 1 .  Digestive Physiology and Nutrition of Ruminants , Vol .  2 .  
Oregon State University Bookstore . 
Clancy , M. , P .  J .  Wangsness , H .  W.  Harpster and B .  R. Baumgardt .  1975 . How 
inaccurate dry matter determinations may bias silage-hay comparisons . 
Mich . Agr .  Exp . Sta.  Animal Science Research Summary .  
Crickenberger ,  R .  G . , D .  G .  Fox and W .  T .  Magee . 197 6 .  Effect o f  cattle size , 
selection and crossbreeding on utilization of high corn s ilage or high 
grain rations . Mich . Agr . Exp . Sta . Res .  Rpt .  328 .  
Dexheimer ,  C .  E . , J .  C .  Meiske and R .  D .  Goodrich .  197 1 .  A comparison of. four 
systems for feeding corn s ilage . Minn . Agr . Exp . Sta . Beef Cattle Report 
B-15 1 .  
Dockerty , T .  R. , V .  R .  Cahill , H .  W .  Ockerman , D .  G .  Fox and R. R. Johnson .  
19 72 . Carcass development in beef cattle subsequent t o  interrupted 
growth . J. Anim. Sci . 36 : 105 7 .  
Elanco Products Company . 197 6 .  Nineteen trial feedlot summary . Rumensin 
Technical Manual . 
Embry , L .  B .  197 2 .  Effect of sex ,  castration and hormonal compounds on feedlot 
performance and carcass merit of cattle . S . D .  Agr .  Exp . Sta.  Sixteenth 
Annual Cattle Feeders Day Proc .  and Research Summaries . 
Embry , L .  B .  1976 . Rumens in for growing and finishing cattle . S . D .  Agr . Exp . 
Sta.  Twentieth Annual Cattle Feeders Day Proc .  and Res .  Summaries . 
Fowler , M. A. , S .  A. Adeyanj u ,  W. Burroughs and E .  A. Kline . 1970 . 
evaluation of beef cattle rations with and without stilbestrol .  
Sci . 30 : 29 1 .  
Net energy 
J .  Anim. 
Fox ,  D .  G .  1968 . Net energy of corn and b ird resistant sorghum for fattening 
steers fed on grain or s ilage . M. S .  Thesis , Ohio State University . 
Fox , D .  G .  1970 . Physiological factors associated with compensatory growth in 
beef cattle . Ph . D .  Thesis , Ohio State University . 
Fox ,  D .  G. and J .  R.  Black .  1975 . Influence of cow size , crossbreeding , 
slaughter weight , feeding system and environment on the energetic and 
economic efficiency of  edible beef production. Proc .  Recip . Meats Conf . , 
Columbus , Mo . 
Fox , D .  G .  and C .  L .  Fenderson .  1976 . Impact of method of dry matter 
determination on the estimated dry matter of corn s ilage . Mich. Agr .  Exp . 
Sta .  Res .  Rpt .  �28 .  
Fox,  D .  G . , R .  R .  Johnson , R .  L .  Preston , T .  R .  Dockerty and E . W. Klosterman . 
1972 . Protein and energy utilization during compensatory growth in beef 
cattle . J. Anim. Sci.  34 : 3 10 . 
. . 
Garrett ,  W. N .  19 7 1 .  Energetic efficiency in beef and dairy steers . J .  
Anim.  Sci .  32 : 45 1 .  
80 
A SYSTEM OF PREDICTING THE FEEDLOT PERFORMANCE 
OF GROWING .A..�P FINISHING CATTLE 
Danny G .  Fox , Department of Animal Science , Cornell Univers ity ; 
J .  Roy Black , Department of Agricultural Economics , Michigan State University 
and Gerry L .  Kuhl , Department of Animal Science , South Dakota State University 
Introduction 
Prof itable cattle feeding requires the use of s ound feed principles , 
astute day-to-day management and a close estimation of costs and expected 
returns . The central key to this goal is an accurate prediction of actual 
cattle performance under a given set of conditions . Cattlemen and researchers 
have long recognized that there are many biological and environmental factors 
which have a substantial impact on feedlot performance . The obj ective of this 
p aper is to describe a mathematical system, based upon an extensive summary of 
North American studies , which will account for these important variables through 
the use of appropriate adj ustment factors so that payweight to payweight feedlot 
performance can be accurately predicted under a variety of midwest field 
conditions . 
The California Net Energy System ( CNES )  is used as the starting point and 
foundation for feedlot proj ection .  
The CNES has become the mos t  widely used energy system for ration formula­
tion and gain projection of feedlot cattle in the United States , including its 
use as the base for N . R. C .  requirements (Lofgreen and Garrett , 1968) . While 
investigators have questioned certain aspects of the system ' s conceptual basis 
( e . g . , Kromann , 1 973a ;  Knox and Handley , 1 9 73 ; Moe and Tyrrell , 1973) , its 
predictive capability appears to be superior to other systems when evaluated 
across a wide range of situations . 
The CNES framework needs further generalization s ince it was developed 
using average frame size British breed cattle receiving a growth stimulant and 
fed in a thermal neutral environment . The obj ective of this paper is to 
generalize the CNES by using suitab le adjustment factors to take into account 
alternative frame sizes , breeds , sexes and ages , varied body conditions due to 
previous nutritional treatment , the use of various growth stimulants and feed 
additives , the associative effects of feedstuffs and various environments . •  
The physiological · effects of these factors are estimated using results from a 
variety of experiments . Dry matter intake equations are described , as are 
equations to predict quality and yield grades . 
California Net Energy System 
It is useful , prior to generalizing the CNES , to review its basic 
properties . The net energy requirement for maintenance is estimated as 
( 1 )  N� = . 07 7W · 75 
The authors have benefited from the conceptual suggestions and computational 
ass istance of Roger Crickenberger , Department of Animal Science , North Carolina 
State University . 
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where NE� is  expressed in Meal/day and W denotes the empty body weight in 
kilograms . The net energy requirement for gain is estimated for steers as 
( 2 )  NEr = ( . 05272G + . 00684G2) (w . 75 ) g 
and for heifers as 
(3 )  NEr = ( . 05603G + . 0 1265G2 ) (w . 75 ) g 
where NEg is expressed in Meal/day and G (gain) is measured in kg/day . Alterna­
tively , given the net energy available for gain (NEFG) and weight , equations 2 and 
3 can be solved to  proJect daily gain . For steers 
(4) G = /. 002779  + ( . 02 736)  (NEFG/W· 75 ) - . 05272  
. 0 1 368 
and for heifers 
(5 )  G = /. 003139 + ( . 0506) (NEFG/w· 75 ) - . 05603 
. 0253  
The gain prediction model can be completed with the addition of an equation 
which will predict daily dry matter intake . We have 
(6)  FFM = N�/N� , 
( 7 )  FFG = DMI - FFM, and 
(8)  NEFG = (FFG) (NEg) 
where FFM is the feed required for maintenance , kg/day , FFG is the feed available 
for gain , kg/day , DMI is the daily dry matter intake , kg/day , NEFG is the net 
energy for gain , MCa1/day , NE� is the net energy value of the ration for 
maintenance , Meal/kg feed and NE� is  the net energy value of the ration for gain , 
Meal/kg feed . All values are on a dry matter basis . 
A Generalization 
The parameters used in this generalization were assembled on a component 
by component basis from specialized studies , literature reviews and on-going 
research . The model is described below,  followed by sections - describing the 
parameter estimates . 
The net energy/kg of feedstuff for maintenance is 
(9) N� = (COND) (FA) (NEm) 
and for gain 
( 10 )  NEg = (COND) (FA) (NEg) 
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where NEm. is the net energy value of �eed for maintenance , Meal/kg feed , NE is 
the net energy value of feed for gain , Meal/kg feed , COND is an adj ustment �actor 
for previous nutritional treatment and FA is an adj ustment factor for the use of 
antibiotics and/or Rumensin .  The NEm and NEg values are also adj usted for 
associative effects . 
The requirements component includes , for maintenance 
( 1 1 ) N� = (ENV) (BREED) ( . 07 7 )  (w . 75 ) ,  
for gain proj ections of steers , 
( 1 2 )  G = I. 002 7 79 + ( .  02736)  [ (NEFG) I (BREED) WE · 75 ] - • 052 72 
. 0 1 368 
and for gain proj ections of heifers , 
( 1 3 )  G = J. 003 139 + ( . 0506) [ (NEFG) I (BREED) WE · 7 5 J - . 05603 
. 0253 
where ENV is an adj ustment factor based upon environmental conditions , BREED is 
an adj ustment factor for Holsteins relative to British and British x exotic 
crosses and WE is an adj usted (equivalent) weight , measured in kilograms , for 
frame s ize and the use of growth stimulants .  
Nutrient Requirement Adjustments 
Frame Size 
The maintenance requirement (equation 1 1 )  is a function of actual body 
weight , while the gain requirement is a function of the proportion of fat and 
protein in the tissue gain. The latter is influenced by the frame size of the 
animal and the use of growth stimulants .  For example , the net energy required 
per pound gain is -lower at a particular weight for s teers which will grade low 
choice at 1320 lb . than for ones which will reach that grade at 880 p ounds . 
Our estimate of the NE� per lb . gain for an 880- lb . , small framed s teer gaining 
2 . 2  lb . per day is 2 . _86 Meal ; it is 2 . 13 Meal for an 880-lb . , large framed 
steer . Alternatively , the question may be asked , "At what weight do animals 
of various frame sizes have the same net energy requirement per pound of gain?" 
Our generalization is based upon the assump tion that steers with the same empty 
body chemical composition in terms of percent fat and protein will have the 
same net energy requirement per pound of gain.  
Table 1 ,  based on work by Reid ( 1 9 74) , Ayala ( 19 74 )  and Simpfendorfer 
( 1 9 74) , gives an estimate of the weights at which animals of alternative frame 
s izes have equivalent percentages of protein and fat . If a steer differs from 
average frame , the weight at which an average framed steer is equivalent in 
body composition to him is used in gain proj ections (equation 12 ) . For example ,  
a 900-lb . steer would be used in the gain proj ection equation for a 720-lb . , 
small framed steer and for a 1080-lb . , large framed steer . Garrett (19 76a) 
has suggested a similar procedure . 
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Table 1 .  Estimated Weights for Animals of Alternative Frame Sizes at 
Which the Proportion of Body Fat and Protein Are Similara 
Shrunk Weight , Lb . 
Steers 
Small frame 400 480 560 640 720 800 880 960 1040 1 12 0  
Average frame 500 600 700 800 900 1000 1 100 1 200 1 300 1400 
Large frame 600 720 840 960 1080 1 200 1 320 1440 1560 1 680 
Heifers 
Small frame 330 390 460 530  590 660 720 790 860 925 
Average frame 400 480 560 640 720 800 880 960 1040 1 120  
Large frame 470 5 60 660 750 840 940 1030 1 130 1220 1 3 15 
Chemical Composition ,  Percent of Empty Body Weight 
Fatb 1 4 . 9 1 7 . 2  1 9 . 5  2 1 . 8  24 . 2  26 . 5  28 . 8  3 1 . 1  33 . 3  35 . 6  
Proteinb 19 . 5  1 9 . 1 1 8 . 6 1 8 . 1 1 7 . 6  1 7 . 1  16 . 5  16 . 0  15 . 4  14 . 9  
a Small , average and large frame steers reach a fatness of low choice , 
yield 3 . 0 ,  in the weight range of 800- 880 , 1000- 1 100 and 1 200- 1320 , respec­
tively . The weights for heifers are 660-720 , 800-880 and 940- 1000 , respec­
tively . 
b Fat and protein in the empty body were adapted from Fat = - . 6 1  + . 037  EBG 
+ . 000504 EBW2 and Protein = -2 . 4 18  + . 235 EBW - . 00013  EBW2 , respectively 
(Reid , 1 9 7 4 ;  Simpfendorfer , 1974) . EBW, empty body weight , fat and protein 
are measured in kilograms . Empty body weight typically ranges from 90% of 
shrunk weight at 500 lb . to 94% at 1050 lb . f or an average framed s teer (Fox , 
1968 ; Simpfendorfer , 1 97 4 ;  Jesse et al . , 1 9 76 ) . 
"The (net energy for gain) requirements • • .  can be adj usted 
for particular groups of cattle if experience indicates adj ustment 
is necessary . For example • . •  requirements for breeds maturing 
at heavier weights and some heavy short yearlings may be adj usted 
by multiplying (equation 2)  by • 92 or s ome other factor .' ' 
The results of the energetic model , when combined with a dry matter intake 
model based on equivalent weight , are consistent with data from several studies . 
It  predicts a 0 . 6  lb . per day difference in daily gain between large and small 
framed steers with similar feed requirements per pound of gain when feedlot 
cattle are carried from comparable starting to endpoints in terms of body 
composition . This is consistent with experimental data where cattle of 
different mature sizes were compared (Brungardt , 1 97 2 ;  Klosterman , 197 4 ;  
Crickenberger et al . ,  197 6 ;  Harpster e t  al . , 1 9 76 ) . 
Sex 
Frame siz� variation in heifers is treated in the same fashion as with 
steers , except that the heifer gain proj ection (equation 13)  is used . However , 
predicted heifer gains using the equivalent weight concept and the steer 
equation are within 2 to 4% of that predicted by the heifer equations . 
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Recent research suggests an adj u�tment for heifer "quality" may be needed . 
Klosterman and Parker ( 1976)  found that heifer and s teer herd mates were s imilar 
in feed efficiency when both were fed to the same body composition .  In contrast ,  
Harpster et al . ( 1976)  reported that the feed efficiency of heifers which were 
rej ected as herd replacements was 10% less than s teers when fed to a s imilar 
composition. Genetics is only part of the reason for culling ; other reasons for 
a lighter weaning weight include sickness , injury and poor nutrition leading 
to stunting . 
In preliminary work, an adjustment of . 84 has been used to arrive at an 
equivalent weight of bulls relative to s teers ; a bull is equivalent in body 
composition to a s teer weighing 84% as much . Garrett (19 76a) has suggested. the 
NEg requirement of bulls is 88% of the s teer requirement at the same weight . 
Breed 
Adjus tments in energetic efficiency were not made for alternative British 
breeds and for British x exotic crosses s ince research results suggest differ­
ences in postweaning feed efficiency are small when all are compared at the 
same stage of growth (Klosterman , 1974 ; U . S .M .A .R . C . , 1976 ; Crickenberger et al . ,  
1976 ; Harpster et al . , 1976) . An adj ustment is warranted for Holsteins . 
� � 
Studies of Holsteins vs British breed cattle (Garrett , 197 1 ;  Ayala , 19 7 4 ;  
Crickenberger et al . ,  1976)  suggest  that Holsteins are energetically less 
efficient , having ·a  larger maintenance requirement and requiring more net energy 
per pound gain when compared at equivalent body composition. Other feeding 
trials suggest  the feed efficiency of Holsteins and British cattle is similar 
when Holsteins are carried to the good quality grade (new grading system) vs 
choice for British cattle (e . g . , Henderson ,  1969) . This is consistent with 
poorer energetic efficiency , particularly when one takes into account that 
Holsteins probably have a larger daily dry matter intake when compared on an 
equivalent weight bas is . Our estimate of the breed effect multipliers is 
given in table 2 .  
British 
Exotic 
British 
Holstein 
Table 2 .  Estimated Impact of Breed on 
Net Energy Requirements 
Multiplier 
1 . 00 
1 . 00 
x exotic 1 . 00 
1 . 12 
Holstein x British 1 . 06 
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Environment 
The CNES was developed within a thermal neutral environment . Thus , it is 
necessary to adjust for the wide variety of environments which exist  in 
North America where stress exists at least during part  of the year . A scale 
from 1 to  7 is used to adjust the maintenance requirement for environment , based 
on housing studies at midwestern experiment s tations (Hasbargen , 1 96 7 ; Henderson 
and Geasler , 1 968 ;  Henders on , 1969 ; Petritz , 197 2 ; Self , 197 2 , Smith and 
Hasbargen , 1975 , Pherson et al . , 1 9 7 7 ) . Typical values are given in table 3 ,  
with adj ustments reflecting impacts over longer periods of time , e . g . , 2 to 3 
months . 
Work needs to be extended t-0 include an evaluation of the impacts of heat 
increment to determine if there are any interactions between environment and 
feeding systems . Brokken ( 197 1 ) , Webster et al . ( 19 70) , Lofgreen ( 1 9 74) , Young 
( 1 976 )  and Paine ( 19 76 )  have conducted studieS-in this area . 
Scale 
value 
1 
5 
7 
Growth Stimulants 
Table 3 .  Estimated Impact of Environment on 
Net Energy Requirements 
Lot 
condition 
Outs ide lot with frequent deep mud 
Outside lot , well mounded , bedded 
during adverse weather 
No mud , shade , good ventilation , 
no chill stress 
Multiplier 
for NEi 
1 . 30 
1 . 10 
1 . 00 
Growth stimulants improve rate of gain and the conversion of feed into 
gain . Experimental data for the commonly used products are summarized in 
table 4 .  Mos t  comparisons are for cattle on feed the same length of time . 
The mode of action of growth stimulants is not clear ; apparently all are 
anabolic (Preston and Willis , 1974 ; Preston ,  1975) . The use of growth 
stimulants increases the weight at which the percent fat and protein in the 
empty body are similar to that of nontreated animals .  DES , for a given number 
of days on feed , gives the largest improvement in daily gain . DES and 
Synovex-S treated cattle tend to be less fat than cattle not receiving a 
growth stimulant . Other s timulants appear to give the same quality grade as 
nontreated animals after the same length of time on feed . Thus , cattle 
receiving growth stimulants need to be fed to heavier weights to  obtain the 
same carcass grade as cattle not receiving a growth stimulant , with DES-treated 
cattle being the heaviest . 
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Table 4 .  Impact of Growth Stimulants on Performance and Carcass Quality 
For Animals on Feed the Same Length of Time 
Sex 
Steers 
DES in finishing rations , oral 
(Burroughs et al . , 1959)  
DES in growing rations , oral 
(Burroughs et al . ,  1959)  
DES implanted 
(Burroughs et al . , 1959)  
DES (Preston and Willis , 1974)  
Ralgro ( Commercial Solvents 
Tech . Manual) 
Heifers 
DES in finishing rations 
(Burroughs et al . ,  1 959)  
DES in growing rations 
(Burroughs et al . ,  1959)  
DES (Preston and Willis , 1974)  
Ralgro ( Connnercial Solvents 
Tech . Manual) 
MGA (Tuco Products Co . Tech . 
Manual) 
MGA (Preston and Willis , 1974 )  
Percent 
improvement 
resulting 
from use of 
stimulant 
No . of Daily Feed/ 
comparisons gain gaina 
105 1 3 . 0 9 . 5  
58  1 1 . 8  9 .  1 
35 14 . 8  10 . 3 
9 3  15 . 0  8 . 5  
35 10 . 4  6 . 8  
9 1 1 .  7 1 1 .  3 
12  8 . 8  6 . 5  
34 1 1 . 0  7 . 0  
10 6 . 6  5 . 9  
2 1  1 1 .  2 7 . 6  
2 1  1 1 . 0  8 . 0  
Percent change 
in daily dry 
intake 
resulting from 
use of growth 
stimulant 
+2 . 2  
+1 . 6  
+3 . 0  
NR 
+3 . 0  
-0 . 9  
+1 . 8  
NR 
None 
+1 . 0  
NR 
Change in 
carcass . quality 
resulting 
from use of 
a growth 
stimulant 
Lower 
NRb 
Lower 
Lower 
No difference 
No difference 
NR 
NR 
No difference 
No difference 
NR 
a Improvement in feed/gain as a percent of feed/gain with nonuse of a growth stimulant . 
b Not reported in tables . However ,  the authors indicate in the narrative that there was no 
difference in a majority of the trials . 
........ 
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Our tentative estimates of the shrunk weights at which animals reach low 
choice (approximately 32% fat in the carcass) when DES , Soynovex-S or MGA are 
not used are , for steers , 
( 1 4a) 
for heifers , 
( 15 a) 
ch- final 
weight 
Ch- final 
weight 
= 
Initial 
weight 
Initial 
weight 
+ ( . 885 ) 
+ ( . 900) 
(Expected gain to ch- if treated) 
with DES or Synovex-S 
(Expected gain to Ch- if treated) 
with DES or MGA 
Alternatively , if Ralgro is the growth stimulant used , the estimated shrunk 
weights at which animals reach low choice when a growth stimulant is not used 
are , for s teers , 
( 1 4b)  
for heifers , 
( 15b) 
Ch- final 
weight 
Ch- final 
weight 
= 
Initial 
weight 
Initial 
weight 
+ ( . 905 ) 
+ ( . 934)  
(Expected gain to Ch- if treated) 
with Ralgro 
( Expected gain to Ch- if treated) 
with Ralgro 
A detailed literature review of individual studies (particularly direct 
comparisons across  growth stimulants )  is needed to test the validity of these 
estimates and , if necessary , suggest revisions . Research toward this end has 
been summarized by Embry ( 1 972 ) . 
The following partitioning of the impacts of growth stimulants is suggested 
based upon the experimental comparisons (table 4) of Preston ' s survey ( 1975 ) , 
Madamba ' s  study ( 1965)  of the impact of DES at  various slaughter weights and the 
net energy studies of Fowler et al . ( 1 970 )  and Burroughs et al . ( 1970 ) . The 
efficiency of energy utilization is taken to be independent of the use of growth 
stimulants .  
Change in Compos ition of Gain . DES-treated cattle are estimated to  deposit 
2 1 %  more protein and 1 1% more fat per day than nontreated animals . Energy 
deposited per pound of gain is reduced , resulting in a 4 . 6% lower energy 
requirement per pound of gain .  The CNES energy requirements are based upon 
the use of a growth stimulant . Thus , the net energy requirement for gain of a 
steer not receiving DES or Synovex-S are similar to those of a treated animal 
that is 18% heavier . Using Ralgro as a comparison ,  the requirements for non­
treated steers are similar to those of a treated steer that is 12% heavier . 
For heifers , a 1 3% adj ustment for nontreated animals is used when DES or MGA 
is used as a reference point ; an 8 . 5% f actor is used for Ralgro . 
Feed Intake . Research data indicate that absolute feed intake is increased 
slightly when a growth stimulant is used . However , when the data are adj usted 
to ref lect the fact that treated animals are carried to heavier weights in 
comparisons where all animals are on feed the same length of time , DM/w . 75  
shows little or no  increase .  
7 1  
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Feedstuff Nutrient Value Adjustments 
Digestive Stimulants 
Based upon a review of the literature (Burroughs et al . , 1959 ; Bertrand , 
1968 ; Preston and Willis , 19 74) "multipliers" were estimated to adjust for the 
influence of antibiotics on feed utilization ( table 5 ) . The values were estimated 
by working · backward to find the NEm and NEg values which would have had to 
exist in order to generate the daily gains and feed efficiencies reported in 
feeding trials . The calculations are based upon the assumption that the 
p ercentage impacts are equal on NEm and NEg . 
As new products become available , multipliers to adj ust for their impact must 
be added to the model .  For example , calculations sugges t  that the NE� and NEg 
multipliers for RumensinR fed at the rate of 30 grams per ton of air-dry feed 
ought to be 1 . 08 to 1 . 10 ,  based upon the large numbers of experiments summarized 
by Elanco ( 19 76) , Embry ( 1976)  and Goodrich et al . ( 1976) . Garrett ( 1976b)  
estimated the ration net energy values of corn and barley diets that included 
Rumens in ,  obtaining an NEg multiplier of 1 . 0 8 .  However , no impact on N� was 
found . 
Our multiplier development s trategy begins by using bas ic research such as 
Garrett ' s  ( 19 76b) as an apportionment guide for incorporating data from s tudies 
where less detailed work was done . However , in the case of Rumensin ,  if the 
NEg is adj usted without simultaneously adjusting the N� , it follows that rations 
which have a larger component going to maintenance should show smaller improve­
ments in energetic efficiency . The studies summarized by Elanco ( 1976 ) , however , 
indicate that the impact of Rumensin on energetic efficiency is probably 
comparab le across rations . Thus , we have tentatively assumed that Rumensin has 
the same percentage impact on both NE� and NEg . 
Table 5 .  Estimated Impact of Feed Additives on 
Feedstuff Nutrient Values 
Feed additive 
Without Rumens in 
Without growth stimulants 
Without antibiotics 
With antibiotics 
With growth stimulant 
Without antibiotics 
With antibiotics 
With Rumensin 
Without growth stimulants 
With growth stimulants 
72  
1 . 000 
1 . 040 
1 . 000 
1 . 030 
1 .  l lO 
1 . 100 
Multiplier 
1 . 000 
1 . 040 
1 . 000 
1 . 030 
1 .  l lO 
1 . 100 
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Associative Effects (Interactional) on Feedstuff Energy Values 
Investigators have long known that the energy values of feedstuffs are 
influenced by the feeds ' proportion in the ration ( Swif t and French , 1954 ; 
Kromann , 1973a ,b) . But , an important question is , "Are the impacts of the 
associative effects large enough to require explicit consideration in gain 
proj ection and ration formulation models ?" Several investigators have 
examined this question (Lofgreen and Otagaki , 1 960 ; Kromann and Ray , 1967 ; 
Asplund and Harris , 1 97 1 ;  Vance et al . ,  1 9 72 ; Byers et al . ,  1 9 75a ,b ; Lofgreen 
and Adams , 1975 ; Gill et al . ,  1976)�nd have clearly�emonstrated that 
associative effects are s ignificant . Kromann and Ray ( 1 96 7 ) , for example , found 
a 25% reduction in alfalfa hay ' s NEm+g as it was reduced from 100% to 25%  of the 
ration in an alfalfa-mile diet . Conversely , milo ' s  energy value increased as 
its percentage in the ration increased . Vance et al . ( 1 9 7 2 )  investigated the 
impact of varying the proportion of corn silage--On�he energy values of corn and 
corn silage . The corn silage NEg decreased over 50% between the high silage and 
high grain ration . Byers et al . ( 1 975a ,b )  observed similar patterns as they 
varied the diet from 100% corn grain to 100% corn plant forage . 
If associative effects are important , the energy values of feedstuffs 
ought to be higher when fed by themselves than when fed in a mixed ration . For 
example , a two-phase system where corn s ilage is fed first  followed by an 80 to  
90%  concentrate finishing ration should be more efficient than a mixed ration 
that is 40 to  50% concentrate . Dexheimer et al . ( 1 9 7 1 )  and Newland et al . 
( 1 975 )  found that two-phase feeding systemS-for corn-com silage rationS-improved 
feed conve�sion by 5 t o  10% without materially influencing daily gain . Our 
simulation work (Fox and Black, 1975 )  using the model being described , where 
explicit account is taken of compensatory performance resulting from feeding 
an all-silage phase prior to feeding a high grain phase as well as associative 
effect s ,  agrees with the previous studies . Thus , when a wide range of feedstuff 
combinations is being considered , associative effects must  be taken into account 
in order to obtain accurate gain proj ections as well as correct economic 
valuation of feedstuffs . 
Application of the present model corresponds well with the work of Goodrich 
et al . ( 1 974)  in which they studied the impact of the level of corn silage in 
the ration on the performance of steer calves based on research at 1 7  midwest 
experiment stations . The Goodrich data were "corrected" for errors in dry 
matter determination based on procedures implied by Clancy et al . ( 1 975 ) , Fox 
and Fenderson ( 19 76 ) , Goodrich and Meiske ( 19 7 1 )  and Jones and--r:-arsen ( 1974) . 
Previous Nutritional Treatment 
The nutritional regime an animal has experienced prior t o  being placed 
in the feedlot has a substantial impact on the efficiency of energy utilization . 
On the basis of a review of the literature by Fox ( 1 970 )  and ,  particularly , a 
detailed study by Fox et al . ( 1 972 ) , a continuous multiplier scale ranging 
from 1 to 9 was devised based upon body composition and previous rate of gain at 
the time the animal was placed on feed . Typical values are depicted in 
table 6 .  The NEro multiplier differs from that of the NEg . While the biological 
basis for this is not clearly understood , possible explanations are discussed 
by Fox ( 1970) . 
7 3  
Scale 
value 
1 
2 
9 
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Table 6 .  Estimated Impact of Previous Nutritional Treatment 
on Feedstuff Nutrient Values 
Previous 
rate of MultiElier 
Body gain , 
condition lb . /daya NEa m 
Very fleshy 2 . 3  0 . . 955 
Average 1 . 5  1 . 000 
Very thin . 7  1 . 045 
NEa g 
0 . 90 
l . QO 
1 . 10 
a Based upon an average frame steer calf . 
Daily Dry Matter Intake 
The dry matter intake component must be consistent with the energetic 
components of the model for accuracy in gain and feed conversion projection .  
Dry matter intake is influenced by a wide set of factors including age , weight 
frame size , breed , energy density of the ration , physical form and degree of 
fermentation (Balch and Campling , 1962 ; Baumgardt , 1969 ; Church , 197 1 ;  Jones , 
1 9 72 ; Simpfendorfer , 1974 ; Ayala , 1974) . 
Daily dry matter intake is assumed to be limited by high fiber content in 
rations ; but , as rations become less  fibrous , fiber no longer restricts intake . 
As the energy density increases further , a point is reached (probably between 
60 and 70% corn in corn-corn s ilage rations , DM basis ) at which chemostatic 
and themostatic controls take over . Daily energy intake and gain are approxi­
mately constant , while daily dry matter intake falls as the energy density is 
increased . Beyond approximately 90% concentrate , daily gain is depressed and 
daily dry matter intake falls even faster . 
Our basic dry matter intake equation is 
( . 100) (BREED) (AGE) (Wkg ·
75 ) for equivalent weights less than 800 lb . 
( . 095) (BREED) (AGE) (Wkg '
75 ) for an equivalent weight of 950 lb . 
DMI ( . 090) (BREED) (AGE) (Wkg ·
75 ) for an equivalent weight of 1050 lb . 
( . 090) (BREED) (AGE) (Weight equivalent to 1050)kg ·
75  for equivalent 
weights greater than 1050 lb . 
where DMI is daily dry matter intake , kg , 
for energy densities between where intake 
nor the energy concentration of the diet . 
given in table 7 .  
and Wkg is empty body weight , kg , 
is limited by neither the fibrousity 
The breed and age multipliers are 
74  
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fable 7 .  Estimated Impact of Various Factors on 
Daily Dry Matter Intake 
Age 
Item 
Started on feed as calf 
Started on feed as yearling 
Started on feed as 2-year-old 
Breed 
British 
Exotic 
British x exotic 
Holstein 
Holstein x British 
Feed additivesa 
Without Rumensin 
Without growth stimulant 
Without antibiotic 
With antibiotic 
With growth stimulant 
Without antibiotic 
With antibiotic 
With Rumensin 
Without growth stimulant 
With growth stimulant 
Multiplier 
1 . 00 
1 . 10 
1 . 15 
1 . 00 
1 . 00 
1 . 00 
1 . 1 7 
1 . 09 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
. 9 1  
. 9 1  
a The assumptions refer to feedlot rations . 
Antibiotics have shown an impact on intake in some 
backgrounding rations for calves .  
Under conditions where energy concentration limits intake , the following 
equation holds : 
NE� = ( .  05272G + . 00684G2 ) (WE · 7 5 ) / (BREED) 
where G = maximum gain , FFG = NEr/NEg , FFM = N�/N� and DMI = FFM + FFG . 
Thus , dry matter intake for a • 6� NE ration is approximately 90  t.o 92% of that 
for a . 57 NEg ration . Garrett ( 1975Y , Brokken et al . ( 1 976)  and Carlson ( 1 9 76)  
have worked explicitly on integrating the impact of energy density of the ration 
into gain proj ection work. 
Daily dry matter intake is not adjusted upward for cattle placed on feed 
in "thin" condition. They may eat more when first placed in the feedlot , but 
intake over the entire finishing period does not appear to differ from that of 
cattle whose growth was not retarded (Fox , 1970) . Analysis of the finishing 
75 
- 1 3  -
phase of Oregon experiments (Ralston et al . ,  197 1 ) where steer calves had been 
fed backgrounding rations which gave daily gains ranging from . 03 to 2 . 4  lb . 
per day gave similar results . 
The daily dry matter intake component of the model' is a "first cut . " On 
the average , it conforms well with data examined to date , particularly for cattle 
started on feed as calves .  However ,  work is needed to investigate the impact 
of initial age :weight ratios (after appropriate adj ustments for frame size) and 
to examine , in detail , the structure of intake over the feeding period . The 
current component may be in error for weights in excess of low choices ;  intake 
probably declines once animals reach low choice rather than just  plateauing . 
Too , examination of yearling data from Oregon suggest that intake per unit of 
metabolic weight may be higher than we have suggested early in the feeding 
period but drops more rapidly . Current inves tigations focus on examining detailed 
period records for cattle of alternative frame s izes , breeds and initial ages 
and fed rations ranging from high corn s ilage to high corn grain . 
Carcass  Quality and Yield Grade Projection 
Car cass quality and yield grades measure attributes which are used in the 
prediction of eating qualities and , ultimately , retail demand . Too , the amount 
of fat which will be trimmed is related to the percent fat in the carcass (Fox 
and Black, 1975) . Analysts routinely calculate the estimated differences in dollar 
value among carcasses of various yield grades . 
Few data allow direct estimation of quality and yield grades on the basis 
of empty body weight . Es timates are available ( table 1) for empty body fat at 
a given empty body weight . Carcass fat can be estimated from empty body fat 
(e . g . , Garrett and Hinman , 1969)  and yield and quality grade can be estimated 
from carcass fat . Table 8 gives our estimates of the quality and yield grades 
associated with percentages of fat in the carcass . They are based on s tudies 
in which carcass characteristics and chemical composition were obtained from 
cattle slaughtered at various stages of growth (Madamba , 1965 ; Lofgreen and 
Garrett , 196 8 ;  Riley , 1969 ; Dockerty et al . , 1 9 7 2 ; Ayala , 1974 ; Simpfendorfer , 
19 74) . 
- -
The yield grade estimates are probably more accurate than those for 
quality grade . Yield grades are directly related to percent fat in the car cass . 
Quality grade , in addition , is a function of marbling score which is subject 
to variation in the distribution of fat within the carcass . 
Applications 
The framework described herein is a useful standard of comparison and 
provides a powerful format for summarizing our present knowledge of the factors 
influencing the performance of growing and finishing cattle . As such , it 
provides a computational framework which may be us.ed in working with cattle 
feeders to assess the efficacy of the many alternative cattle feeding 
strategies and management systems available . Furthermore , the use of a sound , 
systematic approach to cattle feeding experimentation is an important research 
tool which can alert us to areas which require further investigation and to 
suggest promising areas of new research which will ultimately benefit the 
cattle feeder .  
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Empty body , 
% fat 
25 . 6  
26 . 9  
2 8 . l 
29 . 3 
30 . 6  
3 1 . 8  
33 . 0  
34 . 2  
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Table 8 .  Estimated Carcass Quality and Yield Grades 
Carcass ,  Qualit� 
% f ata grade 
2 8 . 5  Gd+ 
29 . 8  Gd+ 
3 1 .  2 Gd+ 
32 . 5  Ch-
33 . 8  �Ch-
35 . 2  .'.::Ch-
36 . 5  .'.::Ch-
3 7 . 8  �Ch-
Yield 
gradec 
2 . 2  
2 . 5  
2 . 8  
3 . 1 
3 . 4  
3 . 7 
4 . 0  
4 . 3 
a The estimated relationship between percent fat in the carcass ( CF) and 
percent fat in the empty body (EBF) is CF = . 7  + 1 . 08 15  EBF ;  R2 = . 9 8 and 
& = . 5  (Garrett and Hinman , 1969) . 
b The relationship between the percent fat in the carcass and quality grade 
(QG) was estimated from data assembled by Crickenberger et al . ( 1976 ) , Madamba 
( 1965)  and Riley ( 1969) . The estimated relationship is QG = 2 . 5  + . 23CF for 
3 8  � CF .:: 1 5  where Gd0 is 8 ;  Gd+ is  9 ;  Ch� is 10 • • •  The equation represents 
an average of the studies . The proportion of the variation in QG associated 
with CF ranged from 62 to 72% ; parameters were significant at P> . 0 1 .  There 
was no evidence of nonlinearity over the range studied.  Breeds included 
Angus , Hereford , Angus x Charolais and Angus x Hereford .  Breed differences 
were significant (P> . 0 1 ) , with Angus requiring less fat to reach a particular 
grade . 
c Estimated yield grade based upon data of Crickenberger et al . ( 1 976 )  is 
YG = - 1 . 7  + . 15CF for 40 � CF .:: 25  and of Riley ( 1 969)  RY = 86 . 35 - . 6662CF 
for 42 � CF � 1 3 ;  R2 = • 84 ; & = 2 .  2 ;  n = 1 2 1  where RY is re.tail yield . The 
estimates are significant at P> . 0 1 .  Preliminary s tatistical analyses of the 
Crickenberger et al . ( 1976)  data suggest breed differences in the relationship , 
at least in the intercept , when cattle of Holstein breeding are included .  
Typical uses include development of extension publications for use by 
cattle feeders and industry personnel , ration evaluation and formulation and 
performance simulation for individual cattle feeders ; determination of the 
best feeding system from a whole farm perspective ; and applied research in 
energetic and economic areas (e . g . , Black and Fox 1975) . The acceptance of 
these models by medium and larger sized cattle feeders has been encouraging . 
This role is expected to  become even more important in the future as cattle 
feeding operations become larger and as new information allows improved accuracy 
of predictions . A previous paper (Black and Fox , 1 9 76 )  describes the field 
application of these models . 
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Conclusions 
This paper has described a generalization of the California Net Energy 
System .  While many parameter values will be altered as knowledge becomes more 
comp lete , our obj ective has been to develop a framework which permits values to 
be updated as new information becomes available and as new technological 
breakthroughs are attained . Extensive experimental and field testing is 
necessary �nder South Dakota conditions . However , the generalizations and 
associated "multipliers" appear reasonable for most  situations . It is hoped 
other investigators will use this or a similar system to routinely check the 
accuracy of performance proj ections against experimental and farm trials 
and suggest revisions when warranted . 
78  
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THE ECONOMICS OF LIVESTOCK INSECTS AT THE FEEDLOT 
AND ON THE RANGE 
John B .  Campbell 
Associate Professor-Entomology 
University of Nebraska 
North Platte Station 
The losses to livestock from insects are much more subtle than losses from 
animal diseases such as "Red Nose" or calf scours but real and costly 
nevertheless . The Federal Extension Service tries each year to get some estimate 
on the losses from insects on both crops and animals .  These data are not too 
difficult to obtain for crops because the insect damage is quite visible and 
yield comparisons make it accurate data .  The data on livestock losses from 
insects , however ,  are much more subj ect to guesswork. The estimates are that 
the livestock industry suffers around a 500 million dollar loss annually 
from insects . If we use this figure , you could divide it evenly and say each 
state would lose 10 million annually . The Great Plains s tates , of course , 
would lose by far more than 10  million because of the numbers of  livestock 
produced in those states . 
The maj or insect pests of livestock are the stable and house flies , cattle 
lice and grubs , horn and face flies and the aquatic complex of black, deer , 
horse flies and mosquitoes .  It is difficult to obtain accurate information 
on losses on many of these insects . Our research efforts at Nebraska have been 
directed primarily at this problem. We started with cattle grubs , then to 
horn flies , on to stable flies and are now looking at face and house flies . 
The difficulty with economic research with cattle grubs is that you have 
no way of knowing prior to your trials if cattle are infested . This is 
particularly true if you are using feedlot cattle purchased through a buyer . 
We traced one group of cattle through five sale barns and finally gave up on 
determining their origin . We overcame part of this problem by using several 
trials over a number of years so we would have a large number of cattle from 
which an average could be obtained . Our other approach was to do our work 
at ranches in the same region of the state with a prior history of grub 
infestation . By using these two approaches , we were able to obtain data on 
the effects of cattle grubs  on weight gain performance of cattle on finishing 
rations in the feedlot , on cattle kept at the ranch and backgrounded or kept 
on growing rations , and on cattle kept at the ranch but provided only with a 
maintenance ration. 
The treated feedlot cattle showed an average daily gain (ADG) increase 
of 0 . 12 lb . per day over the treated cattle in a 100-day trial , the growing 
ration treated cattle showed an ADG of 0 . 1 7 more than untreated cattle in a 
120-day trial and there was no s ignificant difference on cattle fed a 
maintenance ration . We were able to weigh the backgrounded cattle again 
around 2 months later and found that , af ter the grubs left the back , compensa­
tory gain occurred and by May 1 there was no difference in weight gain . 
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Our economic interest in horn flies was directed to weaning weights of 
calves . There are several studies indicating that horn flies suppress yearling 
weight gains and one or two showing the effects on mature cows but none on 
calf weaning weights .  We have observed that horn flies are generally not 
abundant or absent on suckling calves unless very heavy populations are 
present on cows . Therefore , it would appear that the effects of horn flies on 
calves would be secondary through an effect on the cow .  
We were able t o  set this research up with one rancher who divided his cow 
herd for summer grazing purposes . We set up a forced-use dust  bag fly program 
on one group of cows and allowed the f lies to reach whatever population level 
they would on the other group . We then compared the weaning weights in the 
fall . The calves whose mothers were protected from flies weighed an average 
of about 1 3  lb . per calf more than those whose mothers had no f ly control . 
Our third endeavor on the economics of livestock insects , and the one 
probably of the mos t  interest to this group , was to determine the effects of 
the stable fly on feedlot cattle .  The stable fly is a blood sucking fly like 
the horn fly but is about twice as big . 
The stable fly feeds primarily on the lower half of the front legs and 
cattle respond to the flies ' painful feeding bites by bunching , with each animal 
trying to get its front legs into the circle of animals for protection . 
The question is , how much do stable flies depress  weight gain performance 
of feedlo� cattle .  It was not possible to simply compare cattle in two feedlots 
or even cattle in two pens with fly control at one lot or one pen because of 
the mobility of the flies between pens or different management practices at 
the lot s .  
We solved this prob lem by putting up a steel building with the s ides , 
back and front open . We built four screened in feedlot pens in the building . 
Each pen held 10  animals .  We could then release flies in the pens or keep 
them fly free . 
In our first trial , we maintained a fly population of 50  flies per calf 
on calves being fed a growing ration .  This fly population level is what we 
see in about 50% of our lots in Nebraska . At the end of this 1 00-day trial , 
the calves which had been kept fly free had gained 0 . 2  lb . per calf per day 
more than those that were fed on by flies . Feed efficiency was also depressed 
by 1 3% on the fly-infested calves . 
In our second trial , we maintained a population of 100 flies per animal , 
a population we see in about 25% of our lots . These calves were fed a 
finishing ration . At the end of this 100-day trial , we found a 0 . 48 lb . per 
day per calf difference in weight gain and an 1 1 %  difference in feed 
efficiency . We also ran a blood profile . We were looking at some blood 
constituents that would indicate stress . We were unable to show any significant 
difference in any of the more than 20 blood properties we compared .  We also 
looked for pathological s igns at slaughter but again found no significant 
differences in such things as liver damage , allergy reactions , etc . As might 
be expected because of the weight difference , there was a difference in grade 
between the calf groups . Those that were fly infested graded 0 . 42 lower than 
the noninfested calves . In this case , it did not affect the price but could 
have , had the average been a little lower . 
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The economic data, plus our experience in research on fly control methods 
in feedlots ,  set the stage for applying for and receiving a grant for a pilot 
s tudy on pest management at feedlots . We found that generally , when we set up 
research at a feedlot , the manager learned as much or more than we did and the 
following year that particular lot had been modified to the point that it was 
no longer usable as a research s ite .  This convinced us that a pest management 
program would work at feedlots . 
There are , or have been , some 40 or more insect pest management p ilot 
p roj ects in the United States . All of them have been on · crop s , vegetables or 
fruit with the exception of ours . Needless to say ,  we had a little problem with 
communications when we suggested this as a feasible proj ect . 
Our proj ect is now in its second year and I think the system might be of 
interest to you cattle feeders in South Dakota.  We started the first year with 
2 7  feedlots  and have expanded that number to 36 this year . Our study area is 
primarily in Dawson County , an area that grows excellent corn and alfalfa ,  has 
a large number of feedlots and , probably most  important to us , has an excellent 
County Extension program with Harold Stevens , one of the premier agent chairman 
in the United States , and Dave Stenberg , a bright young second agent , helping us 
tremendously in the organizational aspects of this p roj ect . We also have a few 
feedlots in Lincoln County ,  where we can do research easier because of the 
distance factor from our research station . 
We start the program each year by training s couts to find fly breeding 
areas , know flies , to understand our fly counting system and to understand our 
data process ing system.  I have been very fortunate in being ab le to hire Dave 
McNeal , a Purdue graduate student , as a Scout Supervisor for this proj ect . He 
will utilize the proj ect for his Ph . D .  thesis . 
Our next step is to go to the feedlots , set up our fly traps , �ap the fly 
breeding areas , discuss  our reporting system with the manager and then start 
monitoring the fly population. A scout visits each feedlot each week to determine 
the fly population levels , check the breeding areas and evaluate the control 
program. The data from each feedlot are placed in a computer . The computer 
returns show what progress or decline is being made at the feedlot . The Scout 
Supervisor then makes a weekly recommendation to the feedlot operator . These 
recommendations would include such things as where the fly breeding is occurring , 
whether the fly population is going up or down , the effectiveness of the control 
program and whether it needs to be increased or decreased or how it might be 
made more effective . 
We feel that many of the feedlot managers have benefited from this program 
in terms of making their fly control system more effective , thus cutting costs 
and increasing weight gains and feed efficiency . We have also benefited by 
learning the many different lot management systems that were unknown to use and 
that could be useful to other operators . For example , we have one feedlot 
operator in this study who uses no insecticide and has probably the least flies 
of any in the program. His system is to  get the lots in good shape to start 
with and then by utilizing a scraper and drag keeping the lots dry through the 
fly season . 
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We have found absolutely no correlation between the amount of money spent 
on insecticides for fly control and the number of flies at the lot . Some who 
spent little had few flies and s ome who spent a lot had many flies and vice 
versa . 
Our program has one more year to go . We believe that we will have obtained 
enough knowledge at the end of this proj ect to put together a very useful and 
practical management system for f ly control at feedlots for use by most feedlot 
managers . I think one other benefit will be derived from this proj ect and that 
is to make feedlot design engineers and the EPA aware that s ome of their water 
p ollution control designs actually cause f ly breeding problems . Debris settling 
basins in particular , if designed with too slight a grade , will allow water to 
puddle in spots along the drain area and these become fly breeding areas . We 
are now working with these people in Nebraska to change s ome of these designs in 
order to avoid this prob lem. 
One other proj ect we are working on that might be of interest to some of 
you is the relationship between the face fly and ''pink eye . " It has been 
pretty well confirmed that face flies can transmit Moraxella bovis , a bacterial 
agent , generally considered as the "pink eye" causitive agent . Resear ch also 
indicates that unless an animal is susceptible to "pink eye" the presence of the 
bacterium does not necessarily cause infection .  We think that mechanical 
damage caused by face fly feeding may cause an animal to become susceptible to 
infection .  Jack Shugart , a graduate student working with me , has shown the 
effect of face fly feeding on eye weeping and on eye tissue damage . He is also 
working on transmission of the bacterium and IBR virus by face flies to  animals 
that have been fed on by face flies prior to exposure to these disease organisms . 
In terms of economics , Shugart ' s data indicate that the economic threshold 
for face flies might be less than 1 fly per animal . This .really gives veteri­
nary entomologists something to do because presently we are unable to reduce 
face fly numbers much more than 50 to 75%  regardless of the control program we 
employ . 
I mentioned the economics of house f lies . The house fly is  recognized as a 
public and animal health problem because  of its capability of transmitting 
several diseases . Thus , if a feedlot is close to  town and house flies come to 
the attention of the public , they very quickly become economic . In terms of 
animal performance ,  however , the effect of  the house fly is unknown . In a 
preliminary 50-day trial ( less  than 50 flies per animal) , we saw no s ignificant 
difference . We will do more with this next year with higher numbers of flies . 
In sunnnary , I would say that livestock insects and their control are very 
costly to the livestock industry .  I think we are making progress with control 
measures and in making the producers aware of the problem. As is s o  often true , 
once the problem is identified , management changes brought about by the producer 
will reduce the impact of the problem. 
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SURVEY OF DISEASE PROBLEMS IN LARGE FEEDLOTS 
James H .  Bailey , DVM 
Extension Veterinarian 
South Dakota State University 
Brookings , South Dakota 
Diseases of feedlot cattle continue to p lague the cattle industry . It has 
been estimated that disease losses may run between $ 10 to · $20 for each animal 
p laced in the feedlot (Herrick, 1967) . 
In order to reduce this loss , two things must be accomplished : 
1 .  Determine the cause of the disease or condition affecting 
the animal , and 
2 .  Incorporate , if possible ,  a program to prevent the problem .  
A large scale survey o f  over 407 , 000 yearling feedlot cattle was conducted 
in Colorado to determine cause of illness and death (Jensen et al . ,  1 976a) . 
The sickness rate of yearling cattle was found to be 5 . 1% with 18. 9% of these 
dying � This gave an overall death rate of 1 % .  Most  of  the cattle were 1 2  to 
18  months of age and shipped into Colorado from other states . Both heifers and 
steers were involved . 
Respiratory diseases caused 75% of the illnesses and 64% of the deaths . 
Pneumonia was the maj or disease , and it probably caused more economic loss than 
all other diseases combined . 
Cause of Death Loss  in Feedlotsa 
Pneumonia 
Brisket disease 
Diphtheria 
Intestinal infections 
Riding inj ury 
Bloat 
Urinary calculi 
Endocarditis 
Ulcers 
BVD 
Pulmonary edema 
Miscellaneous 
a Jensen et al . ( 1 9 76a) . 
48% 
6% 
6% 
5%  
4% 
3% 
2% 
2% 
2% 
2% 
1 %  
1 7%  
Nearly 7 1% of  fatal cases of  shipping fever pneumonia occurred during the 
first 45 days on feed (Jensen et al . , 1 9 76b) . This emphasizes the importance of 
s tresses such as shipping , exposure to feedlot disease organisms , inhalation of 
dus t ,  and the change of rations as possible factors  in the complex cause of  
shipping fever . Pneumonia developed during all seasons but had a higher rate 
during fall and winter than during spring and summer . 
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Most cases developed during the early part of  the feeding period and 
fewer later in the period as shown : 
Organisms Involved 
1- 45 
46- 90 
9 1- 14 1  
142-up 
72%  
14%  
9% 
5% 
Infected tracheas and lungs contained both pathogenic and nonpathogenic 
organisms . The maj ority of bacteria isolated were of the Pasteurella group 
and als o  the Mycoplasmas .  IBR (red nose) virus was the most common viral 
agent identified . 
Organisms Isolated 
Pasteurella alone or in combination 
Mycoplasma in combination 
IBR virus in combination 
None of these pathogens 
62% 
35% 
1 8% 
1 7 . 9% 
IBR virus apd Pasteurellas have long been associated with the shipping 
fever complex , and it has been established that Pasteurella usually must  work 
in concert with a stressing organism or condition that will lower the animal ' s  
resistance and allow the Pasteurella to produce the pneumonic condition . The 
role of  the Mycoplasma organisms is not presently fully recognized .  
Season 
Fall 
Winter 
Spring 
Summer 
Clinical Diagnoses of  Respiratory Disease 
Average Number of 
Cattle on Feed 
1 5 1 , 39 1  
1 82 , 528  
182 , 065 
1 43 , 814  
Bulling Among Yearling Feedlot Steers 
% 
4 . 7  
3 . 1 
2 . 5  
2 . 5  
Bulling among steers is a common health and economic problem in feedlot 
operations . Bullers attract riders , which repeatedly mount and physically 
inj ure the hullers . The main economic loss results from physical inj ury , 
stress to both huller and rider , and the necessity of early isolation of the 
victims (Jensen et al . ,  1 9 76c) . 
Of 1 , 988 necropsies performed in 1 year , 83 (3 . 8%) were diagnosed as 
riding injuries . The incidence in Kansas feedlots was estimated at 2 . 2% and 
the :Unancial loss per case estimated at $23 . 68 per huller involved (Brower and 
Kiracofe , 1 9 7 2 ) . 
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In the Colorado study , the annual percentage of bulling increased from 
2 . 09%  in 19 7 1  to 3 . 67%  in 1974 . During this period , they changed from strictly 
oral feeding of DES in 1 9 7 1  to implantation and oral feeding in 19 7 2-7 4 .  
The following observations were made about bulling in feedlot s teers : 
( 1 )  The problem of hullers has increased with the number and 
s ize of feedlots and represents a serious problem .  
( 2 )  Some steers become hullers because they are weakened 
by disease . 
( 3 )  Contributing factors that influence bulling include : 
( a) Seasonal and environmental factors such as 
changing or stormy weather , 
(b) Method or age at castration , 
( c) Crowding within pens , 
(d)  Hormone implants , 
(e)  Odor , and 
(f )  Hair color , if different from pen mates . 
(4 )  Once mounting is initiated , it usua�ly continues until the 
huller is removed .  
The Colorado s tudy concluded : 
( 1 ) The occurrence of bulling in large feedlots averages 3% . 
( 2 )  There appears to be a relationship of bulling to hormonal 
implantations . 
( 3 )  Estrogenic compounds in fresh alfalfa may influence the 
seasonal occurrence of bulling . 
(4)  Bulling is an econmically important problem among 
feedlot cattle . 
Relationship of Bullers to Brand of Implanta 
No . of 
Dosage cattle Bullers 
Implant (mg) implanted (No . )  
DES 30 6 8 , 086 1 ,  729 
Ralgro 36 5 1 , 2 16  1 , 123 
Synovex-S 20 42 , 020 1 , 69 1 
a Jensen et al.  ( 1976c) . - -
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GUIDELINES FOR USING THE CATTLE FUTURES MARKET 
Gene E .  Murra 
Extension Economist 
Economics Department 
South Dakota State University 
Brookings , South Dakota 
Introduction 
The commodity futures market is one on which people ' s  views are extre�ely 
varied . On the one extreme are beliefs that the futures market is a cure-all ;  
the greatest thing s ince sliced bread;  a tool which the cattle feeder cannot 
afford to do without . On the other extreme are beliefs that the futures 
market is the next thing to a Nevada casino ; it is the surest  way to make a 
small fortune out of a big one ; something which should be avoided like the 
plague . 
Certainly , neither extreme is completely correct - the futures market 
should be in the tool kit of  some cattlemen and not in others . The main theme 
of  this presentation is to help the cattleman to evaluate if and how the 
futures market may benefit him . Main emphasis will be on the general concepts 
which apply to any futures contract . However ,  when examples are used , they 
will generally relate to cattle feeding . It must be remembered that , in 
addition to fed cattle contracts which "lock-in" final product prices , there 
are also grain and feeder cattle contracts which can be  used to "lock-in" 
input costs . The fact that discussion of these contracts is omitted here 
does not imply that they are not important . 
Categories of  Futures Market Users 
There are three maj or categories of people who use the futures market : 
(1) Speculator 
(2) Hedger 
( 3 )  Observer 
The speculator is the person who accepts the risk of a price change for a 
given commodity in the hope of  making a profit . He would most likely ask the 
question : "How can I benefit from price fluctuations? "  When he buys or sells 
a contract , he is doing so because he believes price movements will be in his 
favor .  He expects contract prices to go up when he buys and down when he sell s .  
The hedger i s  the person who uses the futures market to minimize the risk 
of a price change . He wants to shift this risk to someone else and ,  as he 
does so , settles for a somewhat fixed price . He would most  likely ask the 
question : "How can I protect myself from up and down movements of price?"  
When he  buys or sells a contract , he is more interested in having similar price 
movements for his cash commodity and the futures contract than he is in the 
direction of these price changes . 
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The observer is the per son who uses the futures market as a guideline of 
things to come . He does not buy or sell futures contracts . He would probably 
ask the question : "Is there any way I can use the futures market without active 
involvement? "  Although he does not use the futures market as  an exact price 
predictor ,  he uses it as an indicator of  direction of  change or as a barometer 
of  the reaction of the cattle industry to changing conditions . 
The maj or emphasis of  this presentation will be on the hedger . Only a 
few comments  will be made on the speculator or observer . 
Excuses for Not Using the Futures Market 
People who do not hedge on the futures market usually have a ready made 
excuse .  In the event that you need one , the following are o ffered : 
(1)  It ' s  too complicated - I don ' t  understand it ! 
( 2 )  I (or someone I know) got burned once and that was enough ! 
(3 )  I can ' t  afford to use  the futures market - it costs  too  much ! 
(4)  I don ' t  want to  shift price risk - I want to accep t it 
along with the potential gains and los ses . 
Of the excuses listed , and you may have a better one, only the last one is  
really acceptable . Granted , the first three may apply to  some people ,  but 
they can usually be overcome if the interest is  there . Whether this presenta­
tion removes or enforces the above excuses remains to be seen . 
Cattle Hedging Example 
The following example illustrates some of. the actions .which might be taken 
by a cattle feeder who hedges his cattle . The example , while illustrating the 
procedures , is over-simp lified . Als o ,  the example is that of  a perfect hedge , 
one where price movement s  of  the cash and futures markets are the same . This 
is unlikely in a real-world situation. Also , only the fed cattle are hedged . 
Both grain and feeder cattle contracts can be used to "lock-in11 these input 
prices . 
Assume that on October 15 a cattle feeder evaluates his situation as 
follows : 
(1)  He can buy 600 pound steers at $42 . 00 per hundredweight . 
( 2 )  He knows he  can add 500  pounds in  180 days (by April 15)  at  a 
cost of  32¢ per pound of gain . 
(3 )  The current price for  an April contract is $40 . 00 .  
(4)  Price forecast s  for April range from $ 35 . 00 to $45 . 00 per 
hundredweight . 
On the basis of  the above information, the feeder decides to buy the cattle,  aim 
for the April market and hedge his cattle.  The following table illustrates the 
results of his enterprise ,  both if prices went up and if they went down . 
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On Cash Market On Futures Market 
Oct . 15 Buy 600# choice steers at 
$42 . 00/cwt . = $252 . 00 
Oct . 15 Sells April fed cattle 
futures contract at 
$40 . 00/cwt . 
Oct .  thru Apr .  Adds 500# at 
$32 . 00/cwt . = $ 160 . 00 
Oct . thru Apr . Hold futures contract 
but continue to evaluate it 
to see if  the hedge should 
be lifted 
Total Cost $412 . 00 or $ 37 . 45/cwt . 
IF MARKET GOES UP 
Apr .  15 Sells 1100# steers  at 
$ 45 . 00 = net above costs 
Apr .  15 (or before) Buy April con­
tract at $ 45 . 00 = net loss 
of $ 5 . 00 /cwt . or $55 . 00/head of $ 7 . 55/cwt . or $83 . 00 /head 
$83 . 00 Gain on cash market 
55 . 00 Los s  on futures market 
Net = $28 . 00/head 
IF MARKET GOES DOWN 
Apr .  15 Sells 1100# steers at 
$ 35 . 00 = loss over co sts 
of $2 . 45/cwt . or  $2 7 . 00/head 
Apr .  15 (or before) Buy April con­
tract at $ 35 . 00 = net gain 
of $5 . 00/cwt . or $ 55 . 00/head 
$ 2 7 . 00 Loss on cash market 
55 . 00 Gain on futures market 
Net = $28 . 00/head 
The producer would have been better off by not hedging in the situation 
where a price increase was assumed (he would have a profit of  $83 . 00 without 
the hedge and only $28 . 00 with the hedge) . However, if prices had decreased , 
he would have had a loss of $ 2 7 . 00 without the hedge , but with the hedge a 
$28 . 00 profit was realized . 
What You Should Know As A Hedger 
There are several items which the hedger must know. The following list 
may not be complete , but it covers most of the essentials : 
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(1) Production costs  
(2 )  Limits and requirements  of the contracts 
(3) Basis 
(4)  A broker and banker who understand hedging 
(5)  Knowledge of factors affecting the market 
(6)  How the contract affects the hedger . 
Costs  - Knowledge o f  production costs is  always important , whether or not 
one uses the futures market . However , the importance is accented when hedging 
on the futures market because the final product price is established more firmly 
than when the product is  not hedged . The example used earlier might bes t  
illustrate the point . There , the cattle feeder could buy 600 pound feeders 
for $42 per hundredweight . Also , he could use the futures market to lock-in a 
price of  $40 for his 1100 pound steers . Should the producer feed the cattle 
and , should he hedge on the futures market ? In order to answer these questions , 
the cattle feeder must know his production costs . Costs  greater than $140 per 
head would result in a loss ,  while lower costs would result in a profi t .  Once 
again , the cattle feeder should know his production costs  even if he doesn ' t  
hedge . But , if  a final product price is not locked in , there may be a greater 
tendency to "hope" for a price to cover all cost s .  Cattlemen seem to be eternal 
optimists - they like to believe the "high price" rumors . When a final price 
can be established prior to production , costs seem to become more important 
in the decision-making evaluation . 
Limits and Requirements - Futures contracts are written in very specific 
language . Products involved are described carefully , with a discount schedule 
noted for . delivery o f  products which do not meet specifications . Some of  the 
specifics � noted at the end of  this paper . 
Often , the hedger ' s  live cattle do not completely meet all of  the contract 
specifications . Thus , the price risk is not e�tirely shifted . How much i s  
shifted depends o n  how close the contract specifications ate met and , i f  
different , how many differences there are in prices for the different categories . 
Basis - The difference between the cash price at any location and the 
futures price on any futures exchange is know as the basis . For example ,  if 
1100 pound choice fed steers in Sioux City are $40 . 00 and a futures contract 
for fed steers on the Chicago Mercantile Exchange is selling for $42 . 00 ,  the 
basis is -$2 . 00 .  For storeable cmmnodities ,  the futures price is usually 
higher than the current cash price . However , for cattle , this is not always 
the case .  The basis depends on:  
(1)  The overall supply and demand of the commodity 
(2 )  The overall supply , demand and prices of  substitute commodities 
(3 )  Geographical disparities in supply and demand 
(4)  Transportation problems and prices 
(5) Storage space available 
(6)  Quality factors and condition capacities 
( 7 )  The demand for  the futures contract . 
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Since many of the above factors vary by location the basis must be computed 
for each location . For example,  the "net" or localized price for a fed steer 
in location A might be only $ 3 8 . 00 ,  while in location B it might be $41 . 00 if  
the futures contract is priced at $40 . 00 ,  but location A has a -$2 . 00 basis 
and location B has a +$1 . 00 basis . Granted , the above example is an extreme , 
but it is possible for one location to have a much different basis than 
another , even to the extent where one is positive and the other is negative . 
Computation o f  the basis for fed cattle in South Dakota yields  a complex 
s et of  patterns . Generally, the establishment of  a firm;  localized net price 
is  not as precise as in the case for grain . For example , in 197 6 ,  the Omaha 
cash - Chicago nearby futures contract basis ranged from +$1 . 50 in January 
to -$3 . 58 in May . For the same months and locations in 1977 , the basis was 
+$ . 54 and -$1 . 34 ,  respectively . Thus , the localized prices in 197 7  were 
closer to the Chicago futures price than was the case in 19 7 6 .  The variation 
in basis by the amounts noted results in a wider range of "locked-in" prices 
than if the basis was more s table.  Even then , if  the basis does not vary as 
much as the cash price , some risk can be shifted . 
Broker and Banker - The hedger must know a good broker (knowledgeable and 
trustworthy) and a good banker (also knowledgeable and trustworthy) . The 
broker is  important because he is the man who buys or sells the contracts and 
also has current advise on "what to do . "  The banker is important because he 
supplies the credit , probably for both the cash connnodity enterprise ( feedlot )  
and the futures market costs (margins and brokerage fees ) . 
Market Factors - S ince both the cash price and futures price are affected 
by market conditions , changes in these conditions and the effect of  these 
changes must be monitored . What may have been a good hedge today ,  may not 
be tomorrow. What may have been pro fitable under one set of circumstances may 
not be under another . Therefore , the feedlot operator must continually 
evaluate the market to s ee if  he should hedge , remove a hedge or do nothing . 
This evaluation is not something he shouldn ' t  already be doing . Rather ,  if 
he uses the futures market , he may be required to evaluate on a more 
continuing , structured b asis . 
Effect on the Hedger - The hedger must analyze the impact of  placing a 
hedge on both his operation and his general well-being . Such questions as : 
(1) Do I like risk? 
( 2 )  Can I afford a big loss?  
(3 )  Does the futures market make me more or  less comfortable? 
(4)  Is credit easier or  harder to obtain? 
(5 )  Do I feel safer? 
might be asked to see if  the hedge o ffers more p luses than minuses . If the 
benefits do not outweigh the costs , the futures market is  probably a bad idea.  
Only the user knows for sure . 
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What To Watch For 
The futures market is not necessarily all good or all bad . It  can be a 
useful tool . Some of  the maj or factors to keep in mind when deciding whether 
or not to use the futures market are discuss ed in this section .  
It ' s  Not What You Know, But Who - As noted earlier , the hedger must know 
a good broker and a good banker . A vast amount of knowledge about the futures 
market can be wasted if you do not have a good broker to go thru . He must  
both give sound advise and also activate your requests as you want them 
activated . Also , if your banker does not understand or trust the futures 
market , he may discourage its use .  Sometimes  this discouragement comes in 
the form of "no credit . "  
There Ain ' t  No Such Thing As A Free Lunch - What must be given up by the 
hedger in order to get p rice protection? After all ,  no one expects to get 
"somethin for nothin . "  Firs t ,  there is a broker ' s  fee . Although this fee 
is not large , it  will be about $40 or $50 per contract . Since a contract usually 
involves about 38 head , the cost  is slightly over $1 . 00 per head . Second , 
margin money is  required . Even when you sell a contract you do not get money . 
Rather , you must  put up earnest money . An interest charge should be made against 
this earnest money . Usually , the margin requirement for a bonafide hedger 
is less than 10 percent of the contract value . For a 4 0 , 000 pound contract 
at $40 . 00 per hundredweight , a margin of less than $ 1 , 600 would probably be 
required • .  Interest on $ 1 , 600 at 10 percent would be about $160 per year or ,  
if  a contract were held three months , about $1 . 00 per head . Finally , the act 
of  shifting price risk usually removes not only the potential for large losses 
due to price changes , it also removes the potential for landslide profits due 
to price changes . The band of possible profits or losses is narrowed . To 
some , the loss of  windfall profits may be the ·highest cost· o f  those mentioned . 
They enj oy the risk - and the potential gain or loss which goes along with it . 
Nobody ' s  Perfect - Even though the cash and futures prices generally move 
in the same direction , there are exceptions . In addition, the magnitude and/or 
timing of  the move , even if in the same direction , are usually not the same . 
Thus , even though one can say that the futures market can be used to shift 
price risk, the above imperfections prevent this from being fully accomplished . 
But , if  a portion of  the risk is shifted , some o f  the goal is attained . 
As was noted earlier , the basis is  a key to the use of  the futures market . 
If the basis were always completely predictable , the perfect hedge could be 
more nearly attained . Once again, however , if the basis varies less than the 
cash price , some risk usually can be shifted . 
Once a Loser , Always a Lo ser - The futures market is  not a ginmlick which 
will automatically remove losses which go to the inefficient operator or which 
would occur in an unprofitable market situation . In fact ,  the futures market , 
by "locking-in" a price for the final produc t ,  can j ust  as easily lock-in a 
loss as  it can a profit . At times , locking-in a loss may be advantageous , 
especially if it prevents a much larger loss . Merely going into the futures 
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market will not change an unprofitable operation into a profitable one . In 
fact , there may be instances when it may be to an inefficient producer ' s  ad­
vantage not to use the futures market . That is , if he does not lock-in a price 
in the futures market , there is still the possibility that an extremely high 
price can bail him out . Of course , the extremely large losses resulting from 
very low prices are also possible . 
Do The Opposite - When using the futures market as  a hedge, the principle 
rule is  "do the opposite" in the futures market than you do in the cash market . 
For example,  when buying feeder cattle to put on feed, s ell a futures contract . 
When selling the cattle (or before) , buy back the futures contract for the 
same product and month s old . If the opposite transaction is not followed,  
but rather the same position is  taken in both markets ,  the result is a cash 
side which is not hedged plus ownership of a speculative contract on the 
futures side . 
The opposite transactions provide the hedge because , generally , the cash 
and futures market move in the same direction. Losses in one market are 
offset by gains in the o ther , with the net result a shift in some of the 
price risk. 
Apples are not Oranges - The quality specifications on a fed cattle 
contract ,  as noted earlier and at the end of this paper , are very specific . 
Specific weights , quality grades , yields and sex are noted along with the price 
discounts which are made if these specifications are not met . Many cattle 
feeders do not feed cattle which meet these rigid specifications and , 
economically , they probably shouldn ' t .  But , this means that if the futures 
market is used , the hedge will be on something different than the cash commodity 1 
The greater the difference there is , the poorer the hedge is in terms of shiftin5 
price risk, especially s ince all grades , weights and s exes are not priced the 
same . The extent of these price differences is the key . It may not be as bad 
as comparing apples and oranges ,  but certainly an 800 pound , yield grade 4 ,  
good quality grade heifer is not the same as a l , 100 pound , yield grade 2 ,  
choice quality grade steer . 
A Pinch of  Salt - There is an old saying that if  a pinch of salt is good ,  
a cup is better . Many people get burned in  the futures market because they 
apply the above concept to their futures market activities . They believe that 
if it makes good dollar sense to hedge all or  most of  their cattle , it makes 
more sense to "hedge" several times what they actually have . Remember , the 
hedge is an attempt to shift price risk. It is not possible to shift price 
risk on something you don ' t  own or expect to own . Going into the futures 
market with a volume greater than that on the cash s ide means an acceptance 
of  price risk - i . e . , a speculator . The speculator ' s goal is  profit . He 
doesn ' t  need or want cat tle to do that . It is extremely important to 
recognize the difference .  
What I f  You Don ' t Hedge? 
The futures market ' s  active participants are the hedger and speculator .  
If neither of these roles is feasible or  acceptable, the cattle feeder can 
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still use the futures market . Basically , there are two ways he can do this : 
(1)  Use the futures market as a guide to what prices are expected to be . 
(2)  Use the futures market as a barometer in measuring the trade ' s  
reaction to livestock marketing information as it develops . 
The futures market is not designed to be a price predictor .  But , since 
there must be both a buyer and seller of a futures contract ,  some people are , 
in effect , predicting a price increase (the buyers ) and others are predicting 
a price decrease (the sellers) . In net ,  the predictions balance out so that 
usually at least the direction , if not the magnitude , of the expected price 
changes can be discerned . Again , although not perfect , it may be better than 
what many producers are currently using . 
The use of the futures market as a barometer can also be beneficial . 
Basically , the futures market reacts to changes in supply and demand conditions . 
Since traders often have many dollars at stake , they are very current on these 
conditions and , when conditions change , the traders react accordingly . Just 
how much reaction takes place (how much prices go up or down) may give an 
indication to the non-trader as to what will happen . Because the futures 
market may be more psychological than the cash market , the barometer is not 
always completely trustworthy . But again, it may be bet ter than the barometer 
currently used by many cattle feeders . 
Summary 
The futures market is not a cure-all .  Not everyone should be a trader 
although most  should be observers . However ,  by becoming and keeping informed,  
by following some of the general guidelines noted in this presentation , and by 
going through a good broker (if you are an active trader) , the cattle feeder 
can gain from the futures market . Since it will not be without effort and 
will require some sacrifices , the decision on whether or not to use the futures 
market is one which must be made on an individual basis .  
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BASIC SPECIFICATIONS (PAR DELIVERY AND SUBSTITUTIONS ) 
FOR FED CATTLE CONTRACTS 
Par Delivery Unit 
A par delivery unit is 40 , 000 pounds of USDA yield grade 1 ,  2 ,  3 or 4 
choice quality grade live steers , averaging between 1 , 050 pounds and 1 , 200 
pounds with no individual steer weighing mare than 100 pounds above or below 
the average weight for the unit . Not more than 8 head p f  estimated yield 
grade 4 choice steers  shall be permitted in a par delivery unit .  No individual 
animal weighing less than 950 pounds or more than 1 , 300 pounds shall be 
deliverable . 
Par delivery units containing steers with an average weight between 1 , 050 
pounds and 1 , 125 . 5  pounds shall have an estimated average hot yield of 6 2% . 
Par delivery units containing steers with an average weight between 1 , 125 . 6  
pounds and 1 , 200 pounds shall have an estimated average hot yield of 63% . 
All cattle contained in a delivery unit shall be  healthy . Cattle which 
are unmerchantable , such as crippled , sick, obviously damaged or bruised , or 
which for any reason do not appear to be in satisfactory condition to with­
stand shipment by rail or  truck shall be excluded .  No cattle showing a 
predominance o f  dairy breeding or showing a prominent hump on the forepart of  
the body shall be deliverable .  Such determination shall be  made by  the grader 
and shall be binding on all parties . 
Weight Deviations 
S teers weighing from 100 to 200 pounds over or under the average weight 
of  the steers in the delivery unit shall be  deliverable at an allowance of  3¢  
per pound provided that no individual animal weighing less than 950 pounds 
or more than 1 , 300 pounds shall be deliverable .  For purposes o f  computing 
such allowance , the weight o f  the over or under weight animals shall b e  
considered the same as the average weight per head o f  the delivered unit . 
Steers weighing more than 200 pounds over or under the average weight 
of  the load are not acceptable . The j udgment of the grader as to the number 
of such overweight or underweight cattle in the delivery unit shall be final 
and shall be so certified on the grading certificate . 
Yield Deviations 
Delivery units with an estimated average hot yield under par shall be 
acceptable with an allowance of one-half cent per pound for each one-half 
percent or less by which the estimated yield is under par . Units with an 
estimated average hot yield o f  les s  than 60 percent shall not be deliverable .  
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Yield Grade Deviations 
Estimated yield grade 4 Choice quality steers , up to and including 8 
head are deliverable at par . 
All Good quality grade , yield grade 4 s teers are deliverable at 3¢  per 
pound allowance for yield grade plus the quality allowance . 
If  9 or more steers of  yield grade 4 (Good and Choice quality grade ) are 
contained in the delivery unit , all yield grade 4 cattle in excess of  8 up 
through a maximum of  18 head are deliverable at a 3¢ per pound allowance . 
For purposes of  computing such allowance ,  the weight of such yield 
grade 4 steers shall be considered the same as the average weight per head 
of the delivered unit . 
Any delivery unit containing more than 18 head of cattle with an estimated 
yield grade of 4 shall not be deliverable .  Cattle with an estimated yield 
grade of 5 shall not be deliverable . 
Quality Grade Deviations 
Delivery units containing not more than eight head of USDA Good grade 
steers may be substituted at a 3¢ per pound allowance for each Good grade steer . 
For the purpose of  computing such allowances , the weight of such Good grade 
steers shall be considered the same as the average weight per head of the 
delivered unit . 
Quantity Deviations 
Variations in quantity of a delivery unit not in excess o f  5% of 4 0 , 000 
pounds shall be permitted at the time of delivery,  with appropriate adjustment 
to reflect delivered weight but with no further penalty . 
Delivery Points and Allowances 
A par delivery of live beef cattle shall be made from approved livestock 
yards in Peoria , Illinois ; Joliet , Illinois ; Omaha , Nebraska and S ioux City , 
Iowa . Deliveries may be made from approved livestock yards at Guymon,  Oklahoma , 
with an allowance of  $ . 75 per cwt . , $ . 50 effective with June 1977  contract . 
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